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PREFACE. 


ALTHOUGH  the  physical  geography,  mineralogy  and  natural  history 
of  the  distant  and  mountainous  parts  of  Russia  have  been  well  illustrated, 
from  the  days  of  Pallas  and  Hermann  to  those  of  Humboldt  and  Rose, 
the  true  geological  structure  of  the  country,  particularly  of  her  great  flat 
regions,  has  never  yet  been  adequately  developed.  We  need  not  now 
enumerate  all  those  persons  who  have  recently  offered  contributions  to- 
wards this  object ;  but  we  must  specially  notice  the  early  efforts  of  our 
precursor  Strangways,  who,  so  far  back  as  the  year  1822,  after  minutely 
describing  the  environs  of  St.  Petersburgh,  prepared  a  short  general 
memoir  on  Russia  in  Europe ;  and  essaying  the  first  sketch  of  a  geolo- 
gical map  of  that  great  portion  of  the  empire,  endeavoured  to  place  its 
various  rock  masses  in  relation  to  their  equivalents  in  England.  This 
enterprising  effort  did  not,  indeed,  result  in  determining  the  true  suc- 
cession of  the  strata  ;  for  no  geologist  had  paved  the  way  by  any  clas- 
sification of  the  most  ancient  fossiliferous  deposits,  of  which  the  North 
of  Russia  is  almost  exclusively  composed,  according  to  their  superpo- 
sition and  imbedded  organic  remains.  Viewed,  however,  as  the  first 
attempt  to  unfold  the  nature  of  the  subsoil  of  large,  undulating  regions, 
necessarily  most  obscure  from  being  covered  over  with  much  detritus, 
the  map  of  Strangways  is  entitled  to  the  most  respectful  consideration 
from  those  who  were  destined  to  follow  him. 
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After  this  effort,  some  years  elapsed  before  the  geological  school  of 
St.  Petersburgh  began  to  participate  in  the  forward  movement  which  the 
study  of  organic  remains  had  produced  in  other  parts  of  Europe.  The 
first  signs  of  advance  are  to  be  seen  in  the  works  of  M.  Eichwald  and 
M.  Pander  on  the  fossils  of  the  Baltic  governments  and  the  environs  of 
St.  Petersburgh.  But  notwithstanding  these  publications,  the  utmost 
doubt  and  confusion  prevailed  respecting  the  geological  relations  and 
succession  of  the  different  rock  masses.  No  one  had  attempted  to 
carry  out  the  general  project  of  Strangways  ;  nor  even  had  any  one  then 
observed,  that  the  strata  iu  the  neighbourhood  of  the  metropolis  of 
Russia  were  the  oldest  in  which  remains  of  organic  life  could  be  traced, 
and  were  overlaid  by  other  groups  charged  with  distinct  fossil  con- 
tents. Nor  was  any  sort  of  connection  traced  between  the  various 
strata.  The  red-coloured  deposits  of  Novogorod,  Lithuania  and  Cour- 
land,  for  example,  were  still  considered  to  belong  to  the  New  Red  Sand- 
stone, chiefly  because  they  contained  rocks  of  gypsum  and  springs  of 
salt ;  whilst  their  most  striking  fossil  reliquia;  were  said  to  be  bones  of 
Saurians  and  Chelonian  reptiles.  If  such  had  been  the  case,  coal-beds 
might  be  looked  for  beneath  such  red  deposits,  and  the  correct  determi- 
nation of  their  age  became,  therefore,  of  great  importance  to  Russia. 

The  publication  of  the  '  Silurian  System'  first  dispelled  this  confusion. 
In  that  work  Mr.  Murchison  succeeded  in  proving,  that  the  Russian 
organic  remains  described  by  Pander  must  be  the  equivalents  of  those 
which  occurred  in  certain  lower  fossiliferous  strata  of  the  British  Isles  ; 
and,  by  studying  its  pages,  Russian  geologists  at  once  saw,  that  the  red 
strata  immediately  surmounting  their  Silurian  strata  were  characterized, 
as  in  the  British  Isles,  by  certain  fishes  (among  the  most  striking  of 
which  is  the  Hohpiychius  nobtiissimus), —  the  very  forms,  in  fact,  that 
until  then  they  had  supposed  to  be  the  remains  of  reptiles  and  tortoises. 
The  inference,  indeed,  was  so  evident,  that  M.  von  Buch,  who  had  not 
visited  the  country,  but  to  whom  its  fossils  had  been  sent,  speedily 
communicated  to  Mr.  Murchison  his  conviction,  that  Russia,  when 
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properly  worked  out,  would  be  found  to  contain  the  same  succession 
of  paheozoic  deposits  as  had  been  described  in  the  Silurian  region  of 
England  and  Wales.  From  that  moment  Mr.  Murchison  resolved  to 
visit  Russia,  and  fairly  to  test,  whether  the  British  palaeozoic  classifica- 
tion would  be  found  equally  true  over  a  vast  area,  in  which,  since  few 
or  no  igneous  rocks  were  known,  the  history  of  succession  might,  he 
hoped,  be  read  off  in  a  very  perfect  and  unbroken  manner.  Having  in 
the  meantime  unravelled  the  structure  of  the  Rhenish  provinces,  in 
company  writh  his  friends  Professor  Sedgwick  and  M.  de  Verneuil,  he 
invited  the  latter  (whose  acquaintance  with  the  specific  distinctions  of 
the  ancient  mollusca  is  so  well  known)  to  join  him  in  a  geological 
survey  of  Russia. 

To  invade  Russia,  however,  as  unassisted  geologists,  with  mere  ham- 
mers and  compasses,  would  have  proved  but  a  fruitless  mission,  had  not 
the  countenance  of  the  Imperial  Government  been  obtained.  This  was 
secured  through  the  very  friendly  intervention  of  Baron  de  Brunnow, 
His  Imperial  Majesty's  representative  at  the  Court  of  London,  who, 
exhibiting  a  generous  feeling  for  the  advancement  of  science,  strongly 
recommended  the  undertaking  to  the  protection  of  his  Sovereign. 

Arriving  in  the  Neva  in  the  early  summer  of  1840,  Mr.  Murchison  and 
M.  de  Verneuil  were  previously  assured  of  profiting  by  the  aid  of  their 
friend  Baron  A.  von  Meyendorf,  who  having  been  appointed  to  conduct 
an  inquiry  into  the  state  of  manufactures  and  trade  of  the  internal 
governments,  had  begged  them  to  unite  with  him,  and  had  further 
obtained  the  cooperation  of  two  able  naturalists,  the  Count  A.  von  Key- 
serling  and  Professor  Blasius ;  thus  hoping  that  his  tour  might  afford 
many  interesting  results  besides  those  immediately  connected  with  its 
object.  With  these  associates,  the  first  researches  were  commenced  in 
the  environs  of  St.  Petersburgh,  and  on  the  banks  of  the  rivers  Volkof 
and  Siass  ;  and  they  were  followed  by  others  on  the  banks  of  the  Lake 
Onega  and  the  environs  of  Petrozavodsk.  Notwithstanding,  however, 
the  zeal  and  assistance  of  Baron  A.  von  Meyendorf,  it  was  not  possible 
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that  geologists,  having  one  continuous  and  special  object,  could  long  con- 
tinue to  act  in  concert  with  an  expedition  mainly  devoted  to  statistical 
inquiry1, — a  difficulty  which  had,  indeed,  been  foreseen  by  the  Imperial 
Minister  of  Finance,  the  Count  dc  Caucrine,  under  whose  auspices  the 
arrangement  had  been  made,  and  whose  executive  officer  as  chief  of  the 
staff  of  the  Imperial  School  of  Mines,  General  Tcheffkine,  had  selected 
Lieutenant  Koksharof,  an  intelligent  young  mineralogist,  to  attend  the 
English  and  French  geologists.  At  Vitegra,  then,  Mr.  Murchison  and 
M.  de  Verneuil  took  leave  of  the  expedition  of  the  Baron  A.  von  Meyen- 
dorf,  and  thence  travelled  to  Archangel,  the  edges  of  the  White  Sea, 
Pinega,  &c,  whence  they  ascended  the  banks  of  the  great  river  Dwina 
to  Ustiug- Veliki,  in  the  heart  of  the  government  of  Vologda*.  Meeting 
with  their  other  friends  at  that  town,  the  parties  again  separated.  Mr. 
Murchison,  after  making  a  very  wide  circuit  through  Vologda,  by  Tchere- 
povetz,  and  round  to  Yaroslavl  and  Kostroma,  once  more  joined  Baron 
von  Meyendorf  at  the  latter  place.  They  descended  the  Volga  together 
to  Jurievetz,  where  they  parted,  and  only  casually  met  again  in  Moscow; 
the  English  and  French  geologists  having  in  the  meantime  visited  Nijny 
Novogorod,  Murom,  Jelatma,  Kacimof,  Riaizan  and  Kolomna. 

Returning  northwards  by  Moscow,  Mr.  Murchison  and  M.  dc  Verneuil 
were  enabled  to  correct  some  previous  errors  respecting  the  geological 
equivalents  of  the  chief  rocks  around  that  metropolis,  and  to  show, 
that  instead  of  belonging  to  the  Oolitic  series,  as  had  been  surmised, 
they  were  of  Carboniferous  age,  and  were  surmounted  by  Jurassic  shales. 
Finally,  an  examination  of  some  deep  recesses  in  the  Valdai  Hills,  the 
southern  edges  of  Lake  Ilmen,  and  the  banks  of  small  rivers  between 

'  See  Baron  A.  von  Meyendorf  's  instructive  statistical  map  of  Russia,  which  resulted  from  this  surrey. 
German  edition,  H.  Schropp  and  Co.,  Berlin. 

*  Professor  Blasius  having  been  taken  ill  at  Ustiug,  Count  Kcyserling  kindly  resolved  upon  remaining 
with  hit  friend.  Their  operations  were  thereby  much  interfered  with,  and  their  exploration  of  the 
country  south  and  west  of  Moscow  was  retarded  till  long  after  the  snow  fell.  Count  Keyserling  deve- 
loped some  results  of  his  observations  in  memoirs  read  before  the  Moscow  Natural  History  Society,  and 
Professor  Blasius  has  since  published  a  sketch  of  his  travels,  Brunswick,  under  the  title  of  ••  Reise  im 
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Novogorod  and  St.  Petersburgh,  confirmed  on  another  parallel  the 
conclusions  they  had  arrived  at  by  their  north-eastern  traverses,  of  a 
general  ascending  succession  of  deposits  from  the  Silurian  on  the  north, 
to  the  Carboniferous  basin  of  Moscow ;  and  convinced  them  that  those 
two  systems  were  clearly  separated  from  each  other  by  a  full  develop- 
ment of  Old  Red  Sandstone,  as  abundantly  charged  with  ichthyolites  as 
in  Scotland,  and  containing  also  many  of  the  same  species  of  shells  as  in 
Devonshire  and  the  Rhenish  Provinces. 

Through  these  researches,  as  well  as  those  of  Colonel  Ilelmersen  and 
his  associates  in  the  Valdai  Hills  and  around  PskofF  and  Dorpat,  the 
chief  physical  relations  of  these  palaeozoic  rocks  of  the  northern  and 
central  provinces  were  placed  beyond  all  doubt. 

On  his  return  to  England,  Mr.  Murchison  exhibited  to  the  British 
Association  for  the  Advancement  of  Science  a  first  geological  sketch  map 
of  the  regions  examined,  and  read  a  memoir  thereon  to  the  Geological 
Society  of  London  in  the  name  of  M.  de  Verneuil  and  himself,  explaining 
the  conclusions  at  which  they  had  then  arrived. 

Shortly  afterwards  Professor  Eichwakl  published  his  work  on  the 
Silurian  organic  remains  of  Esthonia1 ;  and  in  the  course  of  the  ensuing 
winter,  Colonel  Helmersen,  grouping  together  all  the  information  ob- 
tained from  the  earliest  to  the  most  recent  researches,  produced  a  small 
general  geological  map  of  Russia,  very  superior  to  any  one  which  had 
preceded  it.  But  although  a  good  aperfU  of  the  true  succession  of  the 
older  palaeozoic  rocks  in  Russia  had  thus  been  obtained,— though  the 
volumes  of  the  Imperial  School  of  Mines  had  laid  before  the  public  many 
materials  concerning  the  mineral  structure  of  distant  and  important 
tracts, — though,  in  short,  Rose  was  then  preparing  to  publish  his  elabo- 
rate description  of  the  crystalline  rocks  and  minerals  of  the  Ural  Chain, 
and  Dubois  de  MontpeYeux  had  already  given  a  clear  geological  ensemble 
to  the  Caucasus  and  Crimsea,  and  had  described  the  tertiary  strata  of 

'  EEthlandi  Silurischc  Schichtcn  System.  M.  Eichwald  obligingly  furui.hed  the  author*  with  ninny 
Silurian  fowiU. 
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Volhynia  and  Podolia,  extensive  observations  were  yet  wanted  before 
any  well-grounded  attempt  eould  be  made  to  propound  such  a  general 
view  of  Russian  geological  classification  as  that  which  is  now  put 
forth.  Viewing  the  subject  in  this  light,  the  Count  de  Cancrine  laid 
before  His  Imperial  Majesty  a  project  for  a  well-combined  additional 
geological  survey  of  Russia,  which  being  approved  of  by  the  Emperor, 
a  communication  was  made  to  Mr.  Murchison  by  that  Minister,  the 
object  of  which  was  to  secure  the  services  of  M.  de  Verneuil  and  himself. 
Under  these  high  auspices,  the  researches  of  these  geologists  were  re- 
sumed early  in  the  spring  of  1841,  when,  travelling  overland  to  St. 
Petersburgh,  they  united  with  their  friend  Count  Keyserling,  and  made 
fresh  observations  in  the  Governments  of  Wilna,  Courland,  Livonia  and 
Esthonia. 

On  their  arrival  at  St.  Petersburgh1,  His  Imperial  Majesty  received 
the  foreign  travellers  in  so  marked  and  cordial  a  manner,  and  with  such 
expressions  of  confidence  in  their  renewed  efforts,  that  they  felt  doubly 
anxious  to  acquit  themselves  with  credit  of  the  task  they  had  under- 
taken. 

Count  Keyserling  had  now  been  formally  named  one  of  the  same 
geological  expedition,  and  Lieutenant  Koksharof  was  again  appointed 
to  accompany  it  Thus  organized,  the  general  plan  was  devised  by 
which  the  Ural  Mountains  and  the  southern  provinces  of  Russia,  parti- 
cularly the  coal-field  of  the  Donetz,  were  to  be  examined,— a  plan  in 
which  General  Tcheffkine  took  the  most  lively  interest,  and  in  preparing 
which  he  manifested  the  greatest  intelligence,  friendliness  and  zeal. 

Previously  accustomed  to  act  together,  and  imbued  with  the  same 
geological  animus,  the  little  force  first  made  some  explorations  to  the 
south  of  Moscow  (Tula,  Kaluga,  Serpukhoff,  Kolomna,  &c),  and  then 

■  Mr.  Murchison  mutt  gratefully  acknowledge,  that  on  this  occasion,  his  position  at  St.  Petersburgh 
was  rendered  most  agreeable  through  the  friendly  support  of  the  Marquis  of  Clanricarde,  then  the 
British  Ambassador,  and  that  during  former  and  subsequent  visits  he  experienced  the  kindest  attention 
from  the  Hon.  John  Bloomficld,  Her  Britannic  Majesty's  Envoy. 
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dividing  into  two  companies  proceeded  to  Kazan  by  different  routes, 
the  one  by  Arzamas  and  Simbirsk,  the  other  by  Nijny  Novogorod. 
Separating  in  this  way  for  short  periods,  and  meeting  at  given  points 
to  combine  new  observations,  it  is  not  too  much  to  assert,  that  the  power 
of  acquiring  knowledge  was  nearly  doubled,  and  that  the  results  of  the 
labour  of  nearly  two  summers  were  thus  concentrated  in  one.  The  vast 
cupriferous  regions  to  the  east  of  Kazan  and  around  Perm  being  first 
explored,  the  Ural  Mountains  were  crossed  and  re-crossed  on  seven 
different  parallels,  between  60°  and  54°  north  latitude  ;  the  one  party 
examining  the  European,  the  other  the  Asiatic  flanks  of  the  chain, — 
the  latter  occasionally  advancing  into  the  flat  regions  of  Siberia. 

Returning  westwards  from  the  environs  of  Orenburg1,  Mr.  Murchison 
and  M.  de  Vemeuil  retraversed,  in  its  greatest  width,  the  southern  and 
central  part  of  the  vast  cupriferous  country,  the  strata  occupying  which 
they  again  studied  in  detail,  and  thus  became  enabled  to  classify  and 
connect  them  with  the  inferior  systems.  In  the  meantime  Count  Key- 
serling  journeyed  over  the  steppes  of  the  Kirghis  between  Orenburg 
and  Astrakhan,  visiting  by  the  way  the  isolated  Mount  Bogdo ;  whilst 
the  northern  division  were  travelling  over  the  banks  of  the  Volga  from 
Samara  to  Sarepta,  there  tracing  the  relations  of  the  carboniferous, 
Jurassic,  cretaceous  and  tertiary  deposits.  The  steppes  of  the  Kal- 
mucks, the  mouth  of  the  Don,  and  the  edges  of  the  Sea  of  Azof  being 
skirted,  with  a  view  of  examining  the  peculiar  tertiary  limestone  of  the 
southern  steppes,  a  month  was  devoted  to  the  exploration  of  the  car- 
boniferous region  of  the  Donetz,  from  whence  the  expedition  returned  to 
Moscow,  again  moving  on  two  lines  of  observation,  the  one  by  Kharkof, 
Kursk  and  Orel,  the  other  by  the  valley  of  the  Don  and  Voroneje. 

It  was  then  that,  having  finally  worked  out  and  compared  the  chief 
results  of  the  labours  of  his  friends  and  himself,  Mr.  Murchison  pro- 
posed the  establishment  of  the  name  Permian,  as  applied  to  the  youngest 

'  The  deep  obligations  of  the  author*  to  General  Pcrovski,  then  GoTernor- General  of  Orenburg,  and 
to  the  other  authorise*  in  the  Ural  Mountains,  arc  expressed  in  the  body  of  the  work. 
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of  the  palaeozoic  systems,  and  explained  the  classification  implied 
thereby,  in  a  letter  addressed  to  the  venerable  Dr.  Fischer  de  Waldheim. 
Subsequently  at  St.  Petersburg  he  presented,  in  the  name  of  his  friends 
and  himself,  a  report  upon  the  whole  survey  to  His  Excellency  the 
Count  dc  Cancrine.  This  report,  with  an  improved  map  and  a  general 
section  across  Russia  from  south  to  north  (those  which  in  an  improved 
state  now  appear  in  PI.  VI.),  was  shortly  after  laid  before  the  Emperor, 
when  His  Imperial  Majesty  not  only  received  the  travellers  with  his  ac- 
customed kindness,  honouring  them  with  his  warmest  thanks  and  special 
marks  of  his  favour',  but  further  assured  them  that  he  considered  their 
labours  to  be  of  great  importance  to  his  country. 

And  here  the  authors  must  observe,  that  their  efforts  could  have  had 
no  such  result,  if  the  wishes  of  the  Emperor  had  riot  been  admirably  put 
into  execution  under  the  directions  of  his  enlightened  minister  the  Count 
de  Cancrine,  and  by  the  excellent  arrangements  made  by  General  Tcheff- 
kine  in  his  department  of  the  Imperial  Corps  of  Mines.  Nor  can  they 
omit  to  notice  their  obligations  to  Colonel  Helmersen  for  his  good  advice 
concerning  the  Ural  Mountains,  with  which  he  had  rendered  himself  so 
familiar.  To  these  and  numerous  other  kind  friends,  both  in  the  Russian 
metropolis  and  in  the  provinces,  particularly  to  many  officers  of  the 
Imperial  Corps  of  Mines,  as  well  as  to  various  authors  who  have  assisted 
them  in  different  auxiliary  departments  of  science,  they  will,  in  the  course 
of  this  work,  have  other  opportunities  of  expressing  their  obligations. 

Having  thus  arrived  at  more  definite  conclusions,  the  authors  explained 
their  matured  general  views  to  the  Geological  Society  of  London  in  the 
subsequent  winter,  and  soon  afterwards  commenced  the  preparation  of 
the  present  work,  which  in  the  summer  of  1842  was  brought  into  a 
systematic  plan,  during  a  visit  which  Count  Keyserling  and  M.  de  Ver- 

1  This  survey  having  been  carried  out  under  the  special  orders  and  protection  of  the  Emperor,  the  foreign 
geologists  who  were  fully  accredited  to  the  governors  and  chief  officers  of  the  provinces,  were  substan- 
tially and  virtually  "pro  hac  vice"  in  the  Rutin*  tervict;  and  for  such  gratuitous  service  they  were 
honoured  by  marks  of  His  Imperial  Majesty's  satisfaction. 
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neuil  paid  to  England.  As  it  advanced,  however,  Mr.  Murchison  per- 
ceived, that  though  well-grounded  in  the  great  features  of  classification, 
further  researches  in  the  field  were  called  for,  before  the  design  could 
be  satisfactorily  executed.  Aware  that  his  colleague  Count  Keyserling 
had  resolved  to  explore  during  the  following  year  (1843)  the  almost 
untrodden  regions  of  north-eastern  Russia,  watered  by  the  great  river 
Petchora,  he  naturally  sought  to  defer  the  publication  until  that  survey 
should  be  completed ;  since  many  original  geographical  and  geological 
features  must  in  that  way  be  obtained— features  now,  for  the  first  time, 
correctly  delineated  upon  their  map,  and  which  exhibit  the  previously 
unknown  Timan  Range  stretching  to  the  icy  sea  through  a  region  in- 
habited only  by  Samoyedes,  and  a  great  portion  of  it  beyond  the  limits 
of  arboreal  vegetation.  Whilst,  therefore,  Count  Keyserling  was  thus 
occupied  in  such  north-eastern  wilds,  Mr.  Murchison  revisited  several 
parts  of  Germany,  exploring  many  tracts  which  he  had  not  previously 
seen,  more  correctly  to  determine  the  true  relations  of  their  paleeozoic 
deposits  to  those  of  the  British  Isles  on  the  one  hand,  and  to  those  of 
Russia  on  the  other ;  his  principal  object  being  to  define  with  greater 
accuracy  the  equivalents  of  the  Permian  system,  and  at  the  same  time  to 
become  acquainted  with  the  structure  of  Poland  and  those  edges  of  the 
Carpathians  which  border  upon  the  Russian  empire. 

Auother  year  passed  over,  and  the  work  was  already  considerably 
advanced,  both  as  respected  this  first  or  English  volume,  and  the  second 
or  French  volume,  in  which  the  chief  organic  remains  are  described  by 
M.  E.  de  Vemeuil1.  But  still  it  was  felt,  that  without  a  survey  of  the 
Scandinavian  rocks  which  form  the  north-western  girdle  of  Russia,  the 
book  would  necessarily  be  incomplete ;  and  accordingly  the  summer  of 
1844  was  devoted  to  that  purpose.  This  last  journey  has,  indeed,  been 
even  more  productive  of  valuable  knowledge  than  was  anticipated ;  for 

1  In  1843,  M.  de  Verncuil,  accompanied  by  Vicomte  d'Arcbiac,  examined  the  palteozoic  rock*  of 
Normandy,  Brittany,  &c,  with  a  view  to  general  conclusions  and  results;  and  in  1844  a  severe  attack 
of  illncw  alone  prevented  his  joining  Mr.  Murchison  in  the  examination  of  Norway  and  Sweden. 
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it  has  not  merely  shown  a  close  agreement  of  the  older  pahcozoic  or  pro- 
tozoic  strata  of  Norway  and  Sweden  with  the  contemporaneous  group 
in  England  and  Wales,  hut  hy  its  actual  superposition  to  still  older 
crystalline  rocks  void  of  all  traces  of  organic  life,  has  given  the  authors 
a  clear  hase  line  wherewith  to  connect  and  from  whence  to  trace  their 
whole  ascending  series  of  Russian  sedimentary  deposits. 

This  excursion  to  Norway  and  Sweden  (where  through  the  friendly 
aid  of  Baron  Bcrzelius  and  Professors  Keilhau  and  Lbven  Mr.  Munhison 
obtained  access  to  every  collection)  has  not  only  been  advantageous  to 
paleozoic  classification,  but  has  also  been  highly  serviceable  in  develop- 
ing some  prominent  features  of  the  great  Scandinavian  drift  that  covers 
such  large  portions  of  the  surface  of  Russia  and  Germany,  and  the  con- 
sideration of  which  naturally  occupies  many  of  the  subsequent  pages'. 

Revisiting  afterwards  St.  Petersburgh,  Mr.  Murchison  personally  com- 
municated with  Count  Keyserling  on  the  subject  of  the  Petchora  and 
Timan  country,  and  at  the  same  time  examined  some  newly-discovered 
natural  relations  of  the  strata  not  distant  from  the  capital"'.  He  also 
derived  some  important  additional  knowledge  from  M.  Pander,  M.  Worth, 
Colonel  Helmersen,  M.  Khanikoff  and  other  friends. 

In  presenting  to  the  public  geological  maps  of  Russia  in  Europe  and 
the  Ural  Mountains,  and  in  attempting  to  classify  upon  what  they  con- 
ceive to  be  a  sound  general  basis,  the  various  deposits  of  so  vast  a  ter- 
ritory, the  authors  bespeak  the  indulgence  of  their  brother  geologists, 

1  The  complete  examination  of  these  most  interesting  countries  was  incompatible  with  the  publication 
of  a  work  on  Russia  .  but  having  been  graciously  honoured  with  an  invitation  from  the  King  of  Sweden 
«nd  Norway  to  revisit  them,  Mr.  Murchison  has  the  full  intention  of  doing  so.  with  the  profpect  of  being 
once  more  accompanied  by  M.  de  Verneuil. 

•'  On  this  occasion  Mr.  Murchison  was  the  bearer  of  a  medal  struck  in  England,  in  honour  of  the  re- 
cent visit  of  the  Ern|M?ror  Nichchu  to  the  Queen  of  England.  This  medal  is  executed  by  Mr.  Leonard 
Wyon  of  the  Royal  Mint,  and  is  represented  in  the  medallion  which  accompanies  the  dedication  to  His 
Imperial  Majesty.  The  inscription  on  the  reverse  will,  it  is  hoped,  be  equally  gratifying  to  all  loyal 
persons  in  both  countries.  During  this,  as  in  former  visits,  Mr.  Murchison  had  strong  reasons  to  Ik- 
grateful  to  the  Cuuut  A.  von  Orion"  for  the  kindest  support,  and  he  has  recently  been  informed  by  Hi. 
Excellency  that  the  Emperoi  hud  cordially  accepted  the  medal. 
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towards  the  inaccuracies  of  detail  which  must  inevitably  accompany  such 
a  first  outline  of  regions  which  they  traversed  rapidly  and  only  partially 
examined.  But  although  when  engaged  in  the  pursuit  of  a  favourite 
science  their  chief  end  was  to  test  the  truth  of  certain  broad  generaliza- 
tions, suggested  by  the  examination  of  other  countries,  they  have  reason 
to  hope,  that  their  labours  may  somewhat  aid  in  administering  to  the 
wants  of  their  kind  friends  in  Russia.  A  government  which  controls 
the  power  and  rouses  the  latent  energies  of  so  great  a  country,  is  ever 
desirous  to  know,  what  are  the  tracts  within  its  rule,  in  which  from 
their  structure  no  useful  minerals  are  to  be  found,  as  well  as,  on  the 
other  hand,  to  be  acquainted  with  those  districts  wherein  such  sub  - 
stances may  be  searched  for  with  reasonable  hopes  of  success.  Russia, 
in  truth,  stands  pre-eminently  in  need  of  correct  internal  exploration, 
and  to  no  country  can  the  revelations  of  the  geologist  be  of  higher 
importance.  Covered,  as  she  has  been,  with  magnificent  forests,  which 
have  hitherto  supplied  her  inhabitants  alike  with  shelter  and  with  fuel' 
the  time  is  fast  approaching  (and  in  some  large  tracts  has  already 
arrived)  when  these  resources  will  no  longer  meet  the  exigencies  of  an 
increasing  population,  daily  advancing  in  their  acquaintance  with  the 
comforts,  arts  and  manufactures  of  civilized  life.  Under  these  circum- 
stances a  prudent  government  naturally  asks,  where  are  we  to  seek  for 
the  best  building-stones  and  limestones  for  constructing  new  edifices 
and  public  works?  Does  not  the  level  surface  of  our  land  naturally 
suggest  to  us  the  advantage  of  railroads  to  connect  our  chief  cities,  and 
is  it  not  an  important  inquiry  how  these  great  national  objects  can  be 
best  effected  ?  Where,  in  a  word,  can  we  look  for  coal  to  further  our 
enterprises,  and  where  can  we  never  find  it  ? 

These,  indeed,  are  but  a  few  of  the  most  obviously  important  econo- 
mical queries  to  which  the  geologist  is  enabled  to  reply ;  and  the  extent 
to  which  such  questions  have  been  answered  will  be  seen  in  the  body 
of  the  first  volume.  To  their  ensuing  pages,  therefore,  the  authors 
must  now  refer ;  though  in  the  meantime  they  may  assure  the  reader, 
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that  the  labours  they  have  encountered  have  been  infinitely  overpaid,  by 
the  pleasing  reflections  with  which  they  can  never  cease  to  dwell  upon 
the  hearty  hospitality  and  generous  support  of  all  classes  of  Russians. 

Recurring  to  that  distinctive  trait  of  national  Muscovite  character — 
a  will  which  admits  of  no  obstacle — they  are  bound  to  record,  that  their 
own  impatient  4<  forward  "  was  ever  cheerfully  responded  to  by  the 
mojna  of  the  natives1.  With  this  talismanic  word  the  Russian  has, 
indeed,  raised  monuments  on  the  Moskva  and  the  Neva,  that  rival  the 
grandest  efforts  of  ancient  and  modern  times. 

Amidst  such  a  people,  no  real  difficulty  could  be  experienced.  If  a 
bridge  were  broken,  it  seemed  rebuilt  by  magic.  Though  a  river-bed 
was  dry,  the  travellers  beheld  it  converted,  as  if  miraculously,  into  a 
navigable  stream2.  Was  the  water  too  shallow,  then  did  the  athletic 
peasants  cheerfully  lift  the  boats  over  rocks,  enlivening  their  progress 
with  a  merry  carol.  Wet  or  dry,  hot  or  cold,  no  murmur  escaped  these 
resolute  men,  and  mojna  was  their  only  cry. 

To  the  illustrious  Monarch,  then,  of  the  wide  realms  whose  structure 
they  attempt  to  describe,  and  to  all  His  loyal  subjects  with  whom  they 
held  communication,  the  authors  beg  once  more  to  express  their  sincere 
attachment  and  lasting  gratitude. 

'  ThU  word  mojna,  the  literal  translation  of  which  in,  "  It  is  possible,"  may  be  rendered  into  English 
by  the  colloquial  Bailors'  phrase,  "  Ay,  ay,  sir." 

•  Sec  the  account  of  the  descent  of  the  Serebrianka  river,  p.  3»2. 

London,  April,  1845. 


CONTENTS. 

vol.  i. 


PART  I, 
CHAPTER  I. 
MlBfiDHEnflM 

Page 

Origin  and  Progress  of  the  MgOgOM  Clawification  of  the  British  Isles  explained.— Its  recent  eaten- 
»ion  to  various  parte  of  Western  Europe,  America,  &c. — Ita  application  to  Russia,  Scandinavia 
jgd  the  I  ml  Muuntains,  the  chief  object  of  the  authora  in  thin  work. — General  outline  of  the 
contents  nf  the  work   ,  ,  1 

PAf^ttOEOIfl  ROCKS 
flHAPTRR  n 
SILURIAN  ROCKS  OF  SCANDINAVIA. 

The  Lower  Silurian  Rocks  of  Scandinavia  shown  tu  form  the  true  base  of  all  deposits  containing 
Organic  Remains, — Their  relations  in  the  Territory  of  Chrintiania  to  pre-existing  Gueinsose 
and  Orauitic  or  Azoic  Itocka. — Norwegian  Section*  .showing  the  ascending  order  from  Lower 
through  Upper  Silurian  to  Old  Red  Sandstone  inclusive. -Intrusive  Rocks  associated  with  the 
Paheoatoic  Formation*  dUtinguiahed  from  thoee  which  hare  affected  the  Aioic  Rocki. — The 
chief  Palieozoic  Phenomena  of  Sweden  explained,  tad  the  Lower  Silurian  Roclu  of  t axiom 
localitiea  ahown  to  re»t  upon  Ormnitic  QneiM.  which  ha»  fumiahed  the  materiafa  of  their  loweit 
stratum  (Scctiona  of  Kinnckulle,  Lugnos,  Omherg,  Orenna,  Berg,  &c). — Upper  Silurian 
Group  of  England  perfectly  represented  io  the  hie  of  Gothland. — Companion  of  the  Fo«*il» 
and  close  analogy  of  Lower  and  Upper  Silurian  DivUiona  of  Scandinavia  with  those  of  the 

ftritiih  Itlit    13. 

CHAEEEB  in 

SII.UKIAN  ROCKS  OK  RUSSIA. 

Introductory'  View  of  the  prevalent  physical  Features  of  Russia  in  Europe. — Crystalline  Rocki  to 
the  North  of  the  Silnriau  zone. — Line  uf  Elevation  accompanied  by  eruptive  Rocks  and  Fissures 
transverse  to  the  Crystalline  frontier  of  the  North. — Consequent  Obscuration  of  the  Junctiou 

d 


Digitized  by  CjO 


between  the  Azoic  and  Protozoic  Rocks. — Silurian  strata  in  the  government  of  St.  Petersburg!) 
represent  the  Lower  Group  only. — Transverse  sections  of  the  name  to  the  South  of  St.  Peters- 
burg" and  on  the  rivers  Ishora,  TMM,  goBtoj  and  Siass.  showing  that  the  Ixiwer  Silurian  Bgdtl 
ure  there  at  once  surmounted  by  strata  of  Devonian  age.- -Silurian  Dislocations  anil  Flexures 
accounted  for. — The  Lower  Silurian  beds  of  Esthonia  and  Kuvno  pass  upwards  into  Limestones 
with  Pentameri,  intermediate  between  the  Lower  and  Upper  Groups. — Upper  Silurian  Rgcja 
developed  in  the  Isles  of  PggO  aud  Uccl.  — Review  of  the  characteristic  Silurian  Orpinic  Re- 
mains, proving  a  division  into  Lower  mid  Upper  Zones  in  Russia,  aa  in  Norway  and  Sweden. 
(See  Map.  Table  and  Section,  Plate  VI.)    20 


CHAPTER  IV. 

DEVONIAN.  OR  OLD  RED  SYSTEM. 

Great  extension  of  the  System. — Described  in  ascending  order,  from  the  junction  of  its  lower  strata 
with  the  Silurian  rocks  of  the  Volkof.  to  the  contact  of  its  upper  beds  with  the  Carboniferous 
Limestone  in  the  Valdai  Hills. — Range  to  Vitegra.  Andoma,  and  Archangel. — Range  and  con- 
tents in  Courland,  Livonia,  Ac. — Great  South-eastern  band  extending  to  the  Governments  of 
Orel  and  Voroneje,  and  sections  of  it  on  the  rivers  Oka  and  Don  (see  Section  beneath 
the  Map.  Plate  VI.). — Organic  Remains  of  the  System  in  Russia  compared  with  those  of 
Western  Europe   •  ■*! 


CHARTER  V. 

nARROMiFRRnifs  SYSTEM 

Carhoniferous  System  of  Northern  mid  Central  Russia  the  equivalent  of  the  Mountain  Limestone  of 
(iri'iit  Britain.— Divided  into  thrrr  Fnssilifrrnns  Zones. — liOwer  Znni»  with  «pmin  of  PjmI  in 
and  Shale  described  in  the  Vald;u  Hills. — Extension  of  Limestone  to  Vitegra. —  White 
Limestone  of  Archangel. — Great  Central  liitsiu  of  Carboniferous  Limestone  (sec  Section  be- 
ii:  .itli  the  Map,  Plate  VI. ).  —  Lie.s  i.  r  S.iV.l.'Tii  eilere  nf,  t;i-.i r  Knhiira.  Tulu,  oVc. — White  Linn  - 
stone  of  Moscow. — Extension  of  this  central  mass  aliing  the  river  Oka  to  Kn.MHn.if  and 
Jelatma. — Upper  or  Fusulinn  Limes  tone  at  Kovrof  and  near  Samara  on  the  Lower  Volga  G9 


CHAPTER  vi. 

rARRnKIPRROITS  BBfllOM  RRTWBFV  TUP.  DNIRPFR  AND  THK  DON 

Introduction. — Extent  and  genera)  Relations  of  the  Tract. — Crystalline  Rocks  of  the  Southern 
Steppes. — C  arboniferous  Rocks  described  in  an  ascending  order  on  the  river  Kahuiuss, — The 
same  Section  prolonged  to  the  Upper  Carboniferous  strata  North  of  Gorodofka. — Sections  uu 
,u.  wiwm,  Miii».  m*A  KVmlrtt — Th*  Rihimin/Mi.  (fajj  ftie  Western  and  Northern  Districts 
shown  to  be  of  the  same  age  aa  the  Anthracite  on  the  South-west. — Anthracite  of  Popofskoe, 
and  its  value—  Scctioua  QU  the.  Dgnttz,— Bituminous  Cual-lielda  of  the  Northern  Tracts  — 


Digitized  by  kjO 


CONTENTS.  xix 

Paw 

Coals  worked  by  the  Peasantry  on  the  tributaries  of  the  Toretz. — Imperial  Coal-works  of  I'spenik, 
and  their  relation*  to  the  Chalk. — Great  Imperial  work*  of  LU«itchia-H»H" — The  Coal  tnbordi- 
nate  to  the  Central  Member  of  the  Carboniferous  Limestone. — Shown  to  be  a  purely  Marine 
Formation. — Thenry  of  the  origin  of  this  CotU. — General  relations  and  relative  value  uf  the  dif- 
ferent Coal  tracts  of  the  Southern  Steppes. — Probable  extension  of  valuable  Coal -seams  under 
the  Cretaceous  and  surrounding  Bgdg. — Future  PrOWgCja,  tad  Conclusion  (sec  Map.  Section 
beneath  it,  and  Plate  I.  of  coloured  Section*)   89 

CHAPTER  VIT. 

CARBONIFEROUS  ROCKS  ON  THE  WESTERN  FI.AXK  OF  THE  ITRAt.  MOUNTAINS 

Section  on  the  banks  of  the  river  Tchussovaya,  showing  a  passage  from  Carboniferous  Limestone, 
through  Millstone-grit  and  Coal  to  overlying  Conglomerate,  Calcareous  Grits,  &c. — Section 
from  Nijny-Serginsk  to  Saxana,  exhibiting  Goniatite  Grit."  overlying  Carboniferous  Limestone. 
— Band*  of  Carboniferous  limestone  near  Sterlitamak. — Prolongation  of  Carboniferous  Lime- 
atone  along  the  Sooth  Ural  and  ascending  Section  from  it  through  Goniatite  Flag*  and  Grits 
into  Permian  De|>osite. — Review  of  the  Organic  Remains  of  the  Carboniferous  System    ...  124 

CHAPTER  VIIT. 
PERMIAN  SYSTEM. 

Introduction. — Explanation  of  the  word  Permian. — Eastern  Limit*  of  the  Permian  System  along  the 
Slopes  of  the  Ural  Mountains. — Lower  Limestone  and  Gypsum  near  Perm. — Copper,  Grit*. 
Sandstones.  &c. — Ascending  Series  of  Strata  from  the  south-west  flank  uf  the  L'ral  to  the  En- 
viruus  uf  Orenburg. — Permian  rocks  around  Orenburg. — Limestones  uf  (irebeni,  &c.  shown 
to  be  the  equivalent  of  the  Zechstein.  &c. — Conglomerates,  Copper  beds  and  Sandstones  north 
and  west  of  Orenburg. — Kargalinsk,  Obscbey  Sirt,  &c. — Transverse  Section  from  Sterlitamak, 
near  the  L'ral  Mountains,  to  the  Volga  on  the  west,  including  the  Mines  of  Nijni  Troitsk,  Bie- 
lebei,  &c. — Sulphur  mines  of  Scrgicfsk  and  the  River  Sok.— Country  between  Perm  and  Kazan. 
— Section*  on  the  Kama,  Volga  and  Sviaga. — Sections  of  Gypsum  and  Limestone  on  the  Plana 
(Baroakuva,  A  mamas,  &c). — Western  Limit*  of  the  System. — Origin  of  the  Copper  Sands, 
Sulphur,  Asphalt.  &c   197 

CHAPTER  TY. 

PERMIAN  ROCKS  OF  THF.  NORTH  OX  THF.  RIVKRS  PWIXA  AND  PINE OA. -OVER. 
LYING  RED  DEPOSITS  OF  THR  CRNTRAL  ANT)  SOUTHERN  REGIONS 

Sections  of  the  Gypstferous  Rucks  overlying  the  Carboniferous  Limestone,  on  the  Pincga  and  Dwina 
Rivers. — Zechstein  of  U»t  Vaga  and  Kiriloff. — Section*  of  overlying  red  and  green  Marls  and 
Sand*,  with  Tufaceous  Limestone  from  I'st-Vaga  to  L'stiug-Vcliki, — Sections  on  the  banks,  of 
the  river*  Strolna  and  Suclionu. — Tutma  and  its  Salt  Springs. — Vologda,  UstiujniU,  &c. — 
Sections  on  the  Volga  below  Kostroma,  and  from  Jurievitz  by  Balachna,  to  Nijni  Xovogorod. — 
Relations  of  red  Deposits  on  the  Volga  to  the  Limestone  of  Kazan  and  Sviafk. —  Red  anil  Oyp- 
'ifLruu.^  Sauls  ami  Maria  of  the  Oku. — Fti^ilifiiniii.i  red  Marl*  of  ViiuniLi  on  the  Klin-rim, — 

d2 


Digitized  by  Google 


Pape 

Rock  Salt  and  Gypsum  of  Illetzkaya-Zartchita  (Orenburg). — Freezing  Carero  at  Illetzkaya- 
Zwtchita, — Detached  Saliferous  Rocks  in  the  Steppes  of  Astrakhan. — Mount  Hogdn  and  doubts 
concerning  its  age, — Origin  of  the  Salt  of  the  Steppe  of  Astrakhan. — Formation  of  Ice  at 
IlieUkuya-Zastehita  explained   171 

CHAPTER  X. 

PERMIAN  PRO  A  NIC  RRMAINR  AND  CONCLUSIONS 

Equivalents  of  the  Permian  System  in  Germany  anil  other  Parts  of  Europe.  —  Analytical  Review  of 

ita  Animal  Contents. — Permian  Flora. — Close  of  Paleozoic  life-  Table  of  the  Permian  Fauna.  139 

SECONDARY  ROCKS. 
CHAPTER  XT 

JURASSIC  OR  OOLITIC  SYSTEM 

Jurassic  System  of  Russia. — Range  and  uniformity  of  Composition  of  the  lower  Division,  from  the 
Northern  Sea  to  the  Lower  Volga, — Basins  i.f  the  Middle  Volira,  the  Oka,  and  the  Moskwa. — 
Iron  Sands  and  Grit*  with  Plant*  in  Russia  and  Poland  compared  with  their  equivalents  in  En- 
gland.— Large  Basin  of  the  Lower  Volga.  Simbirsk.  SarAtof.  &c. — Jurassic  Rocks  of  Orenburg, 
and  their  peculiar  mineral  aspect. — Upper  Division  of  the  Group  on  the  river  Donerz  in  Southern 
Russia,  and  at  Cracow  in  Poland. — The  whole  of  the  Jurassic  Rocks  of  Russia  on  the  parallel 
of  the  Kelloway  Rock.  Oxford  Clay,  Calcareous  Grit  and  Coral  Rag  of  England,  or  "Terrain 
Oxfordieu"  of  France. — Suppression  of  the  Trias.  Lias,  and  Lower  Oolite  in  Russia, — Occur- 
rence of  the  same  Oxford  Formation  in  Asia  and  Africa.— Concluaion    222 

CHAPTER  XII 

CRETACEOUS  SYSTEM. 

I.  Prefatory  Sketch  of  the  Variations  in  Mineral  Character  of  the  Cretaceous  System  of  Northern 
Europe  in  its  range  from  West  to  Ext. — Succession  in  England,  France.  Germany,  Poland  and 
the  Carpathians. — II.  Cretaceous  Rocks  of  Russia  in  the  drainage  of  the  Donctz  and  the  Don. — 
Thinning  out  of  the  white  Chalk  in  the  Governments  of  Kharknf,  Kursk,  &c. — Eastern  maas  of 
Chalk  on  the  River  Ural. — Cretaceous  Rocks  of  the  Lower  Volga  extending  from  Simbirsk 
to  the  Southern  Steppe*. — Peculiar  mineral  development  of  the  Cretaceous  system  of  Russia 
and  it*  apparent  Passage  into  the  Tertian-  Rocks. — Country  between  the  Volga  and  the  Don. — 

(  Mlieliniijns    .     .  2ii 

CHAPTER  XT1I 

TRRTIARV  DRPOSITS 

General  Remarks  on  the  Tertiary  deposits  of  Northern  Germany  and  their  extension  into  Russia. 
—Division  of  the  Tertiary  rocks  of  Russia  into  three  great  zones :— Eocene,  Miocene, 


Digitiz 


CONTENTS,  UU. 

and  Aralo-Caspian  —  Older  Tertiary  or  Eocene  deposits  on  the  Dnieper  and  the  Volya. — 
MigCtnt  Oceanic  deposit.*  of  South  Polaiul,  I'odoli.%  Bessarabia.  &c. — A  ralo- Caspian 
or  brackish  water  Accumulations,  and  their  enormous  Eastern  range  from  the  borders  of  tnc 
Black  Sea  and  Si  a  of  Azof,  through  the  Crima-a  to  the  chores  of  the  Caspian  and  Aral  Seal, 
and  into  the  plateaux  of  Khwarczm  in  A  tin.  —  Mure  recent  desiccation  of  the  Caspian  in  the 
Uwgg  Steppes  of  the  Volga  and  the  Caucasus . — Northern  extension  of  a  former  Caspian. — 
Oceanic  deposits  iu  tin-  I'-t-L'rt. — General  Reflections  on  the  Aralo-Caspian  deposits  and  their 
desiccation  at  two  periods. — Raised  Sea-Bottoms  of  the  North  of  Russia  in  the  Valley*  of  the 
Ihvin.t  iintl  rtitchora.  Cundusiun  uf  Part  I.     _  IU 

PART  IT 

TUB  URAL  MOUNTAINS  AND  TIMAN  RANGE.  SUPERFICIAL  DEPOSITS  OF  RUSSIA. 

Avn  nnNnf-URinv 
CHAPTER  YTV 
THR  URAL  MOUNTAINS. 

Introductory  Remark*. — General  Sketch  of  the  Cral  Mountains. — Difficulties  opposed  to  their  com- 
plete exploration  —  The  colonized  or  Russian  portion  of  the  Chain  the  chief  object  of  the  present 
Work.  -Prevalent  physical  features.  Practicable  routes  and  navigable  streams. — /avoda  or 
Mines,  and  their  inhabitants.  -  Maps  and  Sections. — Method  of  developing  our  gcoloirical 
view,  (see  Maps  VI.  and  VII..  and  Coloured  Sections,  PI.  II.  HI.  IV.)    337 

CHAPTRR  XV. 

NORTH  URAL  OF  THE  MINERS. 

General  View  of  the  Geological  Structure  uf  the  Ural. — First  transverse  Section  of  the  Ural  Moun- 
tain? and  their  Dependencies,  by  the  Route  from  Perm  to  Ekaterinburg,  with  an  Account  of  the 
Eruptive  Phtcnomcna  and  Mineral  Springs  of  Nijny  Bawigfak. — Continuation  of  the  transverse 
Section  along  the  Banks  uf  the  Is.sc.tz,  from  Ekaterinburg  to  Kaltchedan.sk  in  Siberia.. — Sketch 
of  the  region  North  uf  Ekaterinburg. — Character  of  the  Rocks  .uuund  the  Zavods  of  Nevianak 
and  Nijny  Tagilak. — Magnetic  Iron  Ore. — Malachite. — General  views  (see  Map.  PI.  VII..  and 

Coloured  Sections.  PI.  II.)    350 

CHAPTER  XVI 

NORTH  URAL  OF  THE  MINERS— (continued). 

Environs  of  Kushvinsk  and  Mount  Bjjgojjj — ■Transverse  Section  from  thence  across  the  Chain  to 
Serchriansk. — Descent  of  the  River  Serebrianka  to  its  mouth. — Descent  of  the  Tehussov.tya 
from  Ust-Serebriansk  to  Uat-Koiva. — Devonian  and  Carboniferous  Rocks. — Transrerae  Section 
across  the  Ural  from  Ust-Koiva  by  Bissersk,  Chrcstovodsvisgcnsk  and  the  Katchkanar.  to  Tu- 
rinsk  and  Vcrkhoturic.  —  Environs  of  Bogiislofsk  with  Sections  of  Silurian  and  Devonian  Rocks, 
with  Eruptive  Rocks,  Mineral  Masses,  &c. — Descent  of  the  River  Kakva.—  Conclusion  (ace 
Map.  PI.  VII.,  and  Coloured  Sections,  PI.  II.)    37v 


Digitized  by  Google 


xxii 


CONTENTS. 


CHAPTER  XVII. 

THE  ARCTIC  URAL  AND  THE  TIMAX  RAVflE 
(MAP.  PL.  VI.,  AND  COLOfagD  SKCT1QMS.  fL.  V. 

Eastern  Flank  of  the  Ural  from  62"  to  65"  North  Latitude. — Jurassic  Deposits  in  63°  North  Lati- 
tude.— Western  Flank  of  the  Arctic  Ural. —  Section  of  the  River  Ilctsk.  with  fosjiiUfcrous  Lower 
M  well  as  Upper  Silurian  Rocka.— Carboniferous  Limestone  and  peculiar  Development  of  ittt 
orerlyiriu'  Whetstones. — Isolated  Trappiean  Ridge  of  Sabliii. — Tlie  Timan  Range — Constitutes 
the  Nurth- eastern  limit  of  the  Great  Permian  Basin — It?  Granite  and  Schist*. —  Upper  Silurian 
Rocks  with  I'cntun.cri. — The  "l)omatiik  "  Schists  shown  to  be  of  Upper  Silurian  age1.--  Devo- 
nian Rocka  of  the  same  type  M  in  the  Valdai  Hills.— Carboniferous  Limestone  like  that  of 
Russia  in  Europe. — Eruptive  Rocks  of  the  Tim  an  Range. — Large  area  between  the  Timan  and 
the  Ural  occupied  by  Jurassic  deposits. — Conclusion*,  and  Results  of  the  Survey  of  the  Pctchora.  404 

CHAPTER  YVIII 
south  urai. 

MAP.  PL.  VII..  AND  COLOLREU  SECTIONS.  PL.  III.  AMD  IV.1 

Introduction  Eastern  Flanks  of  the  Chain  between  the  North  Ural  of  the  Miners  anil  the  South 

Ural  of  the  Bashkirs,  or  between  the  river  Isset7.  and  the  Zavnd  of  Kishtymsk.-  From  Kishtymsk 
and  Mount  Sugomak  by  Soimanofski  Zavod  to  Zlataust. — Zlataust.  Taganni  and  environs. — 
Tract  ggtgnding  westwards  to  Simsk. — Transverse  Scctiun  across  the  Chain,  from  the  Pala-o/oic 
Strata  of  Pristan  and  the  river  Ai  on  the  west,  through  the  dolomitic  and  trappgan  rocka  of 
Satkinsk,  across  the  Ural  Tau,  to  the  highly  crystalline  and  Mctaroorphic  Rocks  of  Zlataust  and 
Mia«k  in  nn  the  cast. — Tracts  sooth  of  Miask.—  Environs  and  Section  of  Cossatchi-datehi  (oasis 
of  Carboniferous  Limestone), — Granitic  Steppes  between  the  Ural  and  Troitsk  in  Siberia. — 
Eastern  edges  of  the  Ural  from  Verch-Uralak  to  Orsk. — Transverse  Section  from  Orsk  to 
Orenburg. — Oblique  Section  of  the  Chain  from  near  Orenburg,  by  Prcobrajcnsk  and  oTer  the 
Irendyk  Ridge  to  Verch-UraUk. — Transverse  Section  of  the  whole  Chain  from  Verrh-l'ralsk 
on  the  cart  to  Sterlitamak  on  the  weat. — Concluding  observations  on  the  Original  l'ala-ozoic 
Structure  of  the  Ural  Mountain*  and  the  Changes  they  have  undergone;  on  the  lmcrsion  of 
the  Strata  and  their  dircctiun  in  different  parts  of  the  Chain    420 

CHAPTRR  YfV 

ANCIENT  SURFACE  OF  THE  URAL  MOUNTAINS  AND  THE  ADJACENT  COUNTRIES  - 
GOLD  AND  MAMMOTH  ALLUVIA. 

Introductory  View,  showing  the  Mineral  condition*  of  the  Ural  Chain  when  the  Palaeozoic  Conglo- 
merate* were  formed. — No  trace  of  Gold  or  Platinum  in  the  ancient  Cupriferous  detritus  on  the 
West,  nor  in  the  Tertiary  Grits  on  the  East  Flank  of  the  Chain. — The  present  Watershed  and 
the  Gold  Ore  both  formed  during  a  comparatively  modern  period. — Auriferous  Alluvia  at  the 

'  Subsequently  placed  a*  Lower  Devonian  (see  Appendix  F.,  p.  045,  and  Tabular  View,  PI.  VI.). 
•'  Erroneously  referred  to  in  text,  p.  420,  as  PI.  V. 


Digitized  by  CjO 


CONTENTS 


.win 


Minpg  nf  RotmothIc— Tlie  detritus  of  Gold  mint  and  Mammoths'  hones  therein  Mines  of 

Chrestovodsvisgcnsk  with  Quid  and  Diamonds, — NliciL-g  of  Pcshanka  near  Bogoslofak  with  Golil. 
Mammoths'  bonca,  Ac. — Ores  of  Platinum  as  well  as  of  Quid  occasionally  formed  by  diffusion 
through  the  Hock;. — Auriferous  and  Mammoth  detritus  alone:  the  East  Flank  of  the  Chain  to 
Soimanofski  Zavod. — Great  richness  of  similar  accumulations  south  of  Miask. — So  traces  of 
action  of  the  sea  on  the  Fast  Flank  uf  the  Chain  from  after  the  Palaeozoic  period  to  the  present 
day. — The  Gold  Shingle  of  the  Ural  and  its  overlying  Clay  formed  in  the  Lakes  of  an  ancient 
SiWian  Continent,  where  the  Mammoths  and  other  extinct  Animals  lived. — The  foaail  Mam- 
nulnii  lUmaini  ci.ir.evl  for  ages  into  Lakes  and  Rivers,  and  thence  into  Estuaries  and  the 
Northern  Sea. — Thiir  finil  destruction  probably  caused  by  the  last  elevations  of  the  i'r:.l. 
Th»  p^BfjB*  °f  ftmi*  /Sl'*"^  in  the  Drift  of  European  Russia  considered. — The  supposed 
preservation  of  the  Bos  Urus  to  the  present  day  explained. — Relative  changes  of  Sea  and  Land 
CQMudered       471 

CHAPTER  XX 

SCANDINAVIAN  DRIFT  AND  ERRATIC  BLOCKS  IN  RUSSIA. 

General  spread  of  a  Drift  from  the  North  over  the  Low  Countries  of  Russia  and  Germany. — Theories 
proposed  to  account  for  Foreign  Drift — The  Russian  Drift  and  Erratic  Blocks  described  ahmir 
the  northern  frontier  of  Russia. — Shown  to  have  been  distributed  in  trainees  under  the  sea. — 
Chiefly  arrested  on  Hills  and  elevations,  and  leas  abundant  in  Depressions.— Large  Blocks  must 
frequent  on  Clay,  mid  broad  low  sandy  spaces  often  free  from  them. — Character  of  the  Drift 
changes  iu  its  advance  southward.*,  according  to  the  nature  of  the  subse-ii  which  it  traverses. — 
Distinctions  between  the  I,oeal  Materials  in  Russia  aud  those  of  Poland  and  Germany.— The 
transport  of  the  Drift  from  lower  to  higher  lands  shown  to  be  itnpussihle  under  terrestrial  con- 
ditions;; and  the  Glacier  Theory,  as  applied  to  these  Regions,  rejected.— The  far  Southern  ami 
South-eastern  advance  uf  the  Drift  into  certain  Depressions  explained  by  reference  to  Hays  ami 
Promontories  of  a  former  Continent. — Errutic  Blocks  shown  to  have  proceeded  excentxieally 
from  Scandinavia  and  I.apland. — The  largest  and  furthest-borne  supposed  to  have  been  trans- 
ported in  Icebergs  detached  from  ancient  Glaciers. — 'Hie  low  northern  Crystalline  Tracts  could 
not  have  determined  the  advance  of  Glaciers  over  a  higher  Continent. — Scratched  surface" 
coincident  with  the  direction  of  the  Drift  over  many  Ijow  Countries  of  Kurope. — Theory  of  tin- 
Authors  of  this  work  explained,  viz..  that  moistened  masses  of  Drift  have,  unih  r  powerful  causes 
of  translation,  operated  like  the  .Moraines  of  Glaciers.— Former  Submarine  condition  of  Russia.  507 


CHAPTER  XXI. 

DRIFT  AND  ERRATIC  BLOCKS  OF  SCANDINAVIA  (contiimed).— ABRASION  AND 

SITUATION  OF  RUCKS. 

Detritus  of  Denmark  shows  the  long  continuance  of  submarine  conditions,  and  the  dispersion  nf 
Boulders  at  various  periods.  -Striatum,  and  its  excentric  direction  in  Nurway  as  well  us  in 
North- eastern  Lapland,  prove  the  Northern  Scandinavian  Mo"1»t*'na  to  have  been  the  C'entrt- 


Digitized  by  Google 


^  •  •  (,  ON  TENTS. 

ifctMl  nil  the  Detritus  radiated. — Pu-.vcrful  denudation  of  .Sweden. — Its  MmttnTii  BcMMBtotiea 
and  the  Islands  in  the  Bothnian  Gull"  worn  flown  and  striate d  on  tht  jr  Northern  Ek<  uml  un- 
affected on  their  Southern  Sides, — These  results  referred  to  the  passage  of  the  Northern  Drift. — 
Illustration  nf  the  distinction  between  the  Osars,  at  formed  by  Aqueous  Action  only,  and  the 
great  Blocks,  often  angular,  as  transported  &y  Icr-flott. — The  Drift  in  Great  Britain  and  Ireland 
shown  to  have  equally  produced  the  Striation  and  Polish  of  Rucka  as  in  Sweden. — Reference 
to  the  Striated  Rocks  of  Greece ;  and  supposed  Elevation  of  adjacent  Sea-bottum»  applied  to 
the  argument  derived  from  the  presence  of  Shells  of  Arctic  Characters.— Limit*  of  the  ancient 
terrestrial  Icy  Tract  of  the  North. — Large  Eastern  and  Southern  Land*  above  the  Sea  and  in- 
habited by  Mammoths,  whilst  the  Countries  covered  by  foreign  Drift  were  beneath  the  sea   . .  540 

CHAPTER  XXII 

BLACK  EARTH.— -TERRESTRIAL  CHANGES  IX  Rl fSSI A — CONPI.I fRIOK 

The  Black  Earth  or  Tchornozcm  of  Central  and  Southern  Russia  shown  to  be  a  Subaqueous  Forma- 
tion.— Modem  Terrestrial  Changes. — Peculiar  state  of  the  surface  of  Russia  during  the  Spring 
Debacle*. — Action  on  Ice  of  Rivers  and  I^akea  in  throwing  up  Ridges  of  Stone  in  former  and 
pren  nt  times. — Great  Animal  Denudation  of  the  Suhaoil.— Enormous  Deltas  and  new -formed 


Lands. — Changes  operated  by  Man,  cornered  with  (ieulogical  Pharnnme  nq, — ResUjaj  gftOjM 

of  the  chief  Objects  attained  in  this  Work,  and  Conclusion   .  357 


APPR\T>TY 

A.  Description  of  some  characteristic  Paleozoic  Corals  of  Russia.    By  W.  Lonsdale,  F.G.S   591 

B.  An  Account  of  the  Microscopic  Structure  of  certain  Fossil  Teeth  from  theenvironsof  Riga,  by  which 

they  are  determined  to  belong  to  the  genus  Dendrodtu  of  Sauroid  FUhe*.  By  Professor  Owen.  635 

C.  Professor  Owen  upon  certain  Saurian;  of  the  Permian  Rock*    637 

D.  Account  of  the  Forest  of  Bialavieja,  the  habitat  of  the  wild  Aurochs  or  Zubr.    (See  also 

pp.  503.  504.)   638 

R.  Alphabetical  List  of  Simple  Minerals  found  in  the  Ural  Mountains,  arranged  from  a  Catalogue 

prepared  by  Lieut.  Koksharof  of  the  Imperial  Mining  Corps   640 

P.  Domanik  Schist    645 

G.  Igneous  Origin  of  Magnetic  Iron  Ore     .    .  645 

H.  Palaeozoic  Rock*  of  Scandinavia   646 

I.  Inverted  Strata  on  the  Flanks  of  the  Ural  Mountains  reconsidered  (see  p.  463.)    646 

K.  South  Coast  of  the  Black  Sea   647 

L.  Gold  Produce  of  Siberia    648 

M.  The  right  bank  of  the  Lower  Volga  formed  the  Cliffs  of  an  ancient  Sea   650 

N.  Permian  Rocks  near  Bachmuth   ...  651 

O.  Coal  Fields  of  Poland  and  Silesia      651 

P.  Tertiary  Deposits  of  North  Germany  and  Poland   652 

Q.  Steppe  Limestone  (Aralo-Caspian)   652 

Description  of  the  Plates  and  Map*   .  653 

Index    665 


Digitized  by  CjO 


RUSSIA    IN  EUROPE 

AND 
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CHAPTER  I. 
INTRODUCTION. 

Origin  and  Progress  of  the  Palaozoic  Classification  of  the  British  Isles  explained. — 
Its  recent  extension  to  various  parts  of  Western  Europe,  America,  Sfc. — Its  applica- 
tion to  Russia,  Scandinavia  and  the  Ural  Mountains,  the  chief  object  of  the  authors 
in  this  work. — General  outline  of  the  contents  of  the  work. 

One  of  the  great  objects  which  geologists  have  of  late  years  been  striving  to 
attain,  is  a  knowledge  of  the  order  of  the  older  sedimentary  strata  and  of  the 
organic  remains  they  respectively  contain. 

Among  the  questions  involved  in  this  inquiry,  several  at  once  present  themselves. 
Are  these  older  rocks,  for  instance,  made  up  of  various  formations  as  distinguish- 
able from  each  other  by  their  imbedded  fossils,  as  certain  younger  deposits  which 
had  previously  been  studied  ?  Is  a  regular  succession  to  be  traced  downwards 
from  formations,  the  position  and  contents  of  which  were  well-known,  to  other 
undescribed  beds  of  far  higher  antiquity  ?  Can  we,  by  such  a  process,  lay  open 
the  earliest  vestiges  of  animal  life,  and  amid  palaeozoic  forms,  trace  backwards 
primaeval  history  to  a  protozoic  type  ?  And  if  so,  can  we  separate  such  protozoic 

is 
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strata  from  those  which  went  before  them,  and  were  deposited  ere  life  had  been 
breathed  into  the  waters?  If  such  questions  could  be  satisfactorily  answered, 
then,  indeed,  would  geology  not  merely  have  developed  a  wondrous  succession  of 
the  ancient  works  of  Nature,  but  young  as  she  is  among  the  sciences,  would  have 
been  the  first  to  afford  undeniable  proofs  of  a  beginning.  Such,  at  all  events,  are 
among  the  problems  which  we  have  been  endeavouring  to  solve  during  the  last 
fourteen  years,  by  examining  the  earlier  productions  of  the  earth,  and  by  researches 
in  the  field  carried  on  through  various  parts  of  Europe  and  along  the  borders 
of  Asia. 

Geologists  have  generally  admitted,  that  those  labours  in  the  British  Isles,  which 
terminated  with  the  establishment  of  the  Silurian  system,  made  the  first  unequi- 
vocal step  in  this  inquiry,  by  affording  clear  evidences  of  a  natural  descending 
order,  from  the  Carboniferous  formations,  that  had  previously  been  well  illus- 
trated ',  down  to  a  group  of  deposits  essentially  differing  from  all  above  them  in 
the  various  forms  of  animal  life  which  they  contained.  To  these  peculiar  lower 
deposits,  whose  members  were  then  first  classified  and  their  fossil  remains  de- 
scribed, one  of  the  authors  of  this  work  applied  a  term  derived  from  a  region  for- 
merly occupied  by  the  British  Silurian  people,  and  affording  clear  evidences  of  a 
certain  order  and  succession  in  primaeval  life.  In  addition  to  the  establishment  of 
a  normal  distinction  between  the  Carboniferous  and  Silurian  strata,  it  was  then 
also  shown,  that  certain  accumulations  of  great  thickness,  separating  these  two 
groups,  and  long  known  under  the  name  of  the  Old  Red  Sandstone,  were  charac- 
terized, as  in  Scotland,  by  ichthyolites,  which  in  the  Silurian  region  were  perfectly 
distinct  in  form  from  any  remains  of  that  class  in  the  carboniferous  beds  above  or 
in  the  Silurian  strata  below.  At  the  period  when  these  chief  results  were  pub- 
lished, the  Old  Red  Sandstone  had  afforded  no  remains  whatever  of  mollusca ;  yet 
judging  from  the  enormous  thickness  of  this  system  of  rocks,  as  well  as  from  the 
diversity  of  character  of  the  fossils  found  in  the  overlying  and  underlying  forma- 
tions, we  suggested,  that  should  future  researches  bring  to  light  molluscous  remains 
in  the  Old  Red  Sandstone,  they  would,  like  the  ichthyolites,  be  found  to  be  peculiar 
to  the  intermediary  rocks  in  which  they  were  entombed*.    This  surmise  has  been 

'  See  the  work  of  Professor  Phillips,  1  Geology  of  Yorkshire,"  vol.  ii..  which  contains  the  earliest  good 
monograph  of  the  organic  contents  of  the  Carboniferous  system  of  England. 

*  See  Silurian  System,  p.  585.  Although  that  work  bears  the  date  of  1839,  we  may  observe  that  it 
was  really  completed  in  1838.  The  term  Silurian  and  the  classification  implied  thereby  were  indeed  pro- 
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realized  by  a  train  of  inquiries  which  proved,  that  the  group  of  fossils  which  occur 
in  the  calcareous  slaty  rocks  of  Devonshire  were  of  the  same  age  as  the  Old  Red 
Sandstone.  A  new  survey  of  Devonshire  established,  in  short,  the  fact,  that 
though  they  had  previously  been  considered  to  belong  to  the  older  grauwacke 
rocks,  large  masses  of  schistose  deposits  overlying  certain  limestones  and  slates 
of  that  country  and  of  a  small  part  of  the  adjacent  county  of  Cornwall,  were 
nothing  more  than  equivalents  of  the  carboniferous  series;  and  subsequent  in- 
quiries showed  that  the  subjacent  strata,  into  which  the  carboniferous  formations 
appeared  to  pass  conformably  downwards,  occupied  the  place  of  the  Old  Red 
Sandstone1. 

It  being  thus  shown  that  these  lower  rocks,  though  black  and  6laty,  contained 
shells,  which,  when  the  formation  was  developed  in  its  sandy  and  red  characters,  had 
never  been  found  in  it,  the  term  "  Devonian  System"  was  proposed  as  a  synonym, 
if  not  as  a  substitute,  for  that  of  "  Old  Red  Sandstone,"  the  lithological  import  of 
which  had  led  to  much  confusion,  and  had  prevented  the  comparison  of  various  grey, 
black  and  slaty  deposits  of  Europe  with  the  Old  Red  Sandstone  of  the  British  Isles. 
As,  however,  it  might  have  been  possible,  that  the  distinctions  pointed  out  in  the 
British  Isles  were  local,  the  authors,  who  had  suggested  this  change  of  nomencla- 
ture, next  undertook  an  extensive  survey  of  the  Rhenish  Provinces,  including  the 
HartX  district  aud  Franconia  on  the  one  side,  and  Belgium  and  the  Boulonnais  on 
the  other,  in  the  latter  part  of  which  they  were  accompanied  by  M.  de  Verneuil. 

This  inquiry  may  be  said  to  have  verified  and  established  in  that  part  of  the  conti- 
nent of  Europe,  a  portion  of  the  palaeozoic  classifications  first  worked  out  in  England. 
It  proved  that  rocks  immediately  beneath  those  having  a  true  carboniferous  type, 
assumed  the  same  characters  and  contained  many  of  the  same  shells  as  the  rocks 

pounded  by  Mr.  Murchison  (after  four  years  of  previous  labour)  in  July  1835,  and  the  system  was  lien 
divided  into  Upper  and  Lower  Silurian  rock*,  each  containing  subordinate  formations.  (Sec  Lond.  and 
Edinb.  Phil.  Mag.,  vol.  vii.  p.  46,  with  a  section  explaining  the  relations.)  The  term  Devonian  was  first 
applied  in  1839,  or  immediately  after  the  publication  of  the  Silurian  System. 

»  See  the  memoirs  of  Professor  Sedgwick  and  Mr.  Murchison,  Trans.  Brit.  Assoc.  for  the  Advancement 
of  Science,  1836,  Sect.  Trans,  p.  95  ;  Trans.  GcoL  Soc.,  2nd  series,  vol.  v.  p.  633  ;  and  Lond.  and  Edinb. 
Phil.  Mag.,  April  1839,  pp.  241, 354,  where  the  term  Devonian  was  first  proposed.  From  an  examination 
of  certain  organic  remains  collected  in  South  DeTon  by  Mr.  Austen,  Mr.  Lonsdale  had  previously  sug- 
gested that  these  forms  were  of  characters  intermediate  between  those  of  the  Carboniferous  and  Silurian 
systems,  and  consequently  of  the  age  of  the  Old  Red  Sandstone.  (See  Trans.  Geol.  Soc.,  2nd  series,  vol.  v. 
pp.  690,  696,  and  721.  See  also  the  work  of  Sir  H.  T.  De  la  Beche,  1  Geological  Report  of  Devon  and 
Cornwall,'  and  the  Paheozoic  Fossils  of  Devon  and  Cornwall,  by  Professor  Phillips.) 
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in  Devonshire,  the  whole  reposing  upon  ancient  grauwacke  masses,  which,  how- 
ever poor  in  calcareous  matter  and  fossils,  apparently  represented  a  portion  of  the 
Silurian  system  of  the  British  Isles.  The  proofs  of  this  German  succession  are 
to  be  found  in  the  6th  volume  of  the  Transactions  of  the  Geological  Society  of 
London 1 ;  the  chief  geological  inductions  of  the  English  authors,  Professor  Sedg- 
wick and  Mr.  Murchison,  are  there  sustained  by  an  elaborate  analysis  of  the  De- 
vonian organic  remains  by  M.  de  Verneuil  and  Vicomte  d'Archiac. 

But  although  the  classification  of  these  ancient  formations  was  thus  in  great  part 
established,  the  questions  of  what  is  the  protozoic  type,  and  whether  a  distinct  and 
peculiar  assemblage  of  fossils  could  be  discovered  in  rocks  of  higher  antiquity 
than  the  Lower  Silurian,  had  not  yet  been  completely  grappled  with, — questions, 
indeed,  not  even  approached  by  the  investigations  iu  any  part  of  Germany.  In 
short,  it  still  remained  to  inquire  whether  the  older  Cambrian  slates  were  so  cha- 
racterized, and  whether  they  were  entitled  to  be  considered  a  separate  zoological 
system  ?  And  here  it  is  right  to  acquaint  geologists  who  may  have  misapprehended 
its  meaning,  that  the  term  Cambrian  was  applied  by  Professor  Sedgwick  to  the 
great  slaty  and  partially  fossiliferous  group  of  North  Wales,  the  chief  relations  of 
which  he  defined  as  early  as  1833,  distinguishing  it  from  an  upper  group  in 
Denbighshire.    Unfortunately  ill  health  and  other  circumstances  prevented  his 
examining  and  describing  the  fossils  he  had  collected,  and  thus  the  types  of  the 
lower  rocks  of  North  Wales  were  unknown  when  the  Silurian  divisions  were  pro- 
posed and  established.    At  that  time,  indeed,  Professor  Sedgwick  believed,  and  in 
this  opinion  Mr.  Murchison  coincided,  that  when  developed,  these  Cambrian  organic 
remains,  at  least  all  the  lower  part  of  them,  would  prove  to  be  distinct  from  the 
Lower  Silurian  types,  which  as  a  whole  seemed  to  repose  upon  the  slaty  and  cry- 
stalline rocks  of  North  Wales.    When  this  division  was  first  suggested,  it  was, 
however,  shown,  that  many  of  the  most  common  fossils  of  the  Lower  Silurian  type 
descended  into  the  so-called  Cambrian  rocks.    Speaking  of  the  Orthida,  Leptatue 
and  other  shells  which  had  even  then  been  found  in  the  latter,  Mr.  Murchison 
said,  "  As  these  shells  abound  in  the  Lower  Silurian  rocks,  it  would  seem  that  as 
yet  no  defined  line  of  zoological  division  can  be  drawn  between  the  Lower  Silurian 
and  Upper  Cambrian  groups,  and  that  as  our  knowledge  extends  we  may  probably 
fix  the  lower  limit  of  the  Silurian  system  beneath  the  line  of  demarcation  which  has 
for  the  present  been  assumed,"    And  further,  the  same  opinion  is  more  strongly 
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enforced  in  these  words:  "  To  what  extent  the  same  species  of  shells  which  cha- 
racterize the  Lower  Silurian  rocks  descend  into  the  Cambrian  system  has  not  yet 
been  satisfactorily  determined,  nor  can  it  be  until  the  oldest  fossiliferous  rocks  of 
Cumberland,  Wales  and  Devonshire,  are  brought  into  close  comparison,  and  their 
specific  contents  accurately  determined."   (Sil.  Syst.,  p.  308.) 

Judging  from  their  infraposition,  their  great  thickness  aud  distinct  lithological 
characters,  it  was,  indeed,  presumed,  chiefly  from  the  analogies  of  the  overlying 
deposits,  that  the  lowest  stage  of  these  slaty  rocks  might  be  found  to  contain  a  clas6 
of  organic  remains  peculiar  to  themselves.  Subsequent  appeals  to  nature  have, 
however,  decided  otherwise.  In  the  slaty  tracts  of  Cumberland  and  Westmoreland 
Professor  Sedgwick  has  satisfied  himself,  that  the  earliest  organic  remains  which 
can  be  traced,  are  no  others  than  those  published  from  the  Caradoc  sandstone  or 
uppermost  part  of  the  Lower  Silurian ;  the  great  subjacent  series  being  filled  up 
with  igneous,  crystalline  slaty  rocks.  Again,  having  recently  revisited  North 
Wales,  tbe  structure  of  which  he  long  ago  described,  and  where  the  series  is  infi- 
nitely more  developed,  he  has  come  to  the  conclusion,  that  the  oldest  tracts  of  that 
country  do  not  contain  any  group  of  fossils  differing  from  those  of  the  Lower 
Silurian  type'.    In  the  mean  time,  through  the  valuable  labours  of  Sir  Henry 

'  Professor  Sedgwick  wu  unquestionably  the  first  geologist,  after  Mr.  Jonathan  Otley,  who  attempted 
to  classify  and  map  on  an  extended  scale  the  rocks  of  Cumberland  and  Westmoreland.  Since  that  time 
the  detailed  structure  of  that  country  has  been  worked  out  by  himself  and  other  authors,  including  Pro- 
fessor Phillips,  Mr.  James  Marshall  and  Mr.  D.  Sharpc ;  for  an  acquaintance  with  whose  memoirs  the 
reader  must  consult  the  Transactions  and  Proceedings  of  the  Geological  Society  of  London  and  the  Plii- 
losophical  Magazine  (see  also  the  General  Sketch  of  the  Geology  of  the  Lake  District  in  a  series  of  letters 
to  Mr.  Wordsworth  by  Professor  Sedgwick,  1842).  In  North  Wales.  Mr.  Bowman  performed  some  good 
service,  by  developing  the  exact  equivalents  of  certain  Upper  Silurian  rocks  in  a  tract  where  they  have 
assumed  a  very  slaty  character,  and  Mr.  D.  Sharpe  instituted  certain  tabular  comparisons  between  the 
Silurian  groups  of  North  Wales,  Shropshire  and  the  north  of  England.  This  is  not,  however,  the  place 
to  offer  an  exact  historical  sketch  of  these  labours,  still  less  to  enter  upon  any  discussion  of  the  relative 
merits  of  memoirs,  all  of  which  more  or  less  go  to  show,  that  despite  of  variations  in  mineral  character, 
there  are  both  Lower  and  Upper  Silurian  groups  in  all  these  tract*. 

On  the  present  occasion  we  would  simply  state,  that  as  Professor  Sedgwick  led  the  way  in  deciphering 
the  physical  structure  of  North  Wales,  so  after  a  full  re-examination  of  both  countries  he  has  shown,  that 
with  a  great  expansion  of  equivalents  of  the  Ludlow  and  Wcnlock  rocks  in  the  lake  districts,  there  are 
there  no  organic  remains  of  higher  antiquity  than  the  very  upper  part  of  the  Lower  Silurian  rocks  j  and 
that  however  differing  in  mineral  characters  and  containiug  a  few  species  hitherto  undescribed,  all  the 
great  inferior  slaty  masses  of  that  region  and  of  North  Wales  arc  the  equivalents  of  those  to  which  the 
term  Lower  Silurian  had  been  applied  (see  Map  and  Tables,  Quarterly  Journal  of  the  Geological  Society 
of  London,  vol.  i.,  and  memoir  read  before  that  Society,  March  1845). 
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De  la  Beche,  Professor  Phillips  and  the  Ordnance  Geological  surveyors,  large 
tracts  of  South  Wales,  which  also  had  been  grouped  as  Cambrian  by  Professor 
Sedgwick  and  Mr.  Murchison,  have  not  only  been  proved  to  contain  the  same  ty- 
pical fossils  as  the  Caradoc  sandstones  and  Llandeilo  flags,  but  also  to  be  for  the 
most  part  mere  replications  and  expansions  of  those  Lower  Silurian  strata,  assu- 
ming, however,  to  a  great  extent  distinct  lithological  characters,  due  to  numerous 
eruptions  of  igneous  matter'.  In  North  Wales,  we  have  indeed  convinced  our- 
selves by  personal  examination  of  the  flanks  of  Snowdon,  that  the  most  abundant 
organic  forms  of  the  oldest  fossiliferous  slates  are  certain  species  of  Orthida  and 
LepUtna,  which  also  abound  in  the  typical  Lower  Silurian  strata ,  and  we  there- 
fore believe,  that  whilst  the  Snowdonian  slates  may  be  considered  the  lowest  fossil 
stage  in  Britain,  they  are  so  zoologically  united,  that  they  cannot  be  geologically 
separated  from  the  inferior  strata  of  the  Silurian  region.  From  all  these  data  then 
it  followed,  that  the  Cambrian  system  became  identified  with  the  published  zoolo- 
gical type  of  the  Lower  Silurian  rocks.  We  may  now  further  state  our  belief,  that 
iu  the  British  Isles,  as  in  every  other  part  of  the  world  in  which  they  have  been 
observed,  the  Lower  and  Upper  Silurian  groups  are  so  bound  together  by  fossils 
common  to  the  upper  part  of  the  one  and  the  lower  part  of  the  other,  that  they 
really  constitute  one  natural  system  ;  though  in  most  instances  they  may  be  use- 
fully distinguished  on  geological  maps  by  different  tints  of  the  same  colour. 

Such  having  been  the  progress  made  in  the  British  Isles,  from  the  period  when 
this  classification  began  to  be  worked  out,  down  to  the  day  at  which  we  write,  let 
us  now  cast  a  view  over  the  contemporaneous  advances  of  palaeozoic  knowledge  in 
other  parts  of  the  world.  And,  first,  we  may  speak  of  Germany  and  Belgium. 
Though  represented  by  thick  masses  of  slaty  grauwacke,  particularly  in  the  axis 
of  the  Ardennes,  the  Silurian  type,  such  as  we  have  described  it,  is  very  feebly 
represented  by  fossils,  either  throughout  the  Rhenish  provinces4,  or  in  the  more 

1  See  Mr.  Murchison's  Address  to  the  Geological  Society  of  London,  1842  (Proc.  Geol.  Soc..  vol  iv. 
p.  75),  in  which  these  observations  of  6ir  H.  De  la  Beche  and  his  followers  arc  noted.  The  complete  and 
detailed  elaboration  of  all  the  Upper  and  Lower  Silurian  rocks  of  North  Wales,  will,  indeed,  be  one  of 

the  zoological  illustrations  of  Professor  Phillips  and  Professor  B.  Forbes,  and  by  the  clear  and  methodical 
field  work  of  Mr.  Ramsay  and  other  geological  surveyors. 

•  In  his  very  instructive  work, "  Das  Bheinische  Uebergnngs  Gebirge,  1844,"  Dr.  F.  Roemer  has  indeed 
endeavoured  to  show,  that  all  the  fossiliferous  grauwacke  of  the  Rhenish  provinces,  as  well  at  its  overlying 
limestone,  ought,  from  its  fossils,  to  be  classed  as  Devonian. 
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eastern  tract  of  the  Hartz.    Again,  in  Franconia  and  the  country  around  Hof, 
upon  the  southern  flank  of  the  Fichtelgebirge,  true  carboniferous  and  Devonian 
rocks  exist,  like  those  of  the  Rhenish  and  Belgian  tracts  ,  but  the  lower  grauwacke 
series  is,  it  must  be  admitted,  a  very  imperfect  representative  of  the  Silurian  system, 
though  a  tract  of  slaty  rocks  around  Schleitz  in  which  Graptolites  abound,  is  really, 
we  think,  of  that  age.    Throughout  large  mountainous  tracts  in  central  Germany, 
as  in  the  Riesen  Gebirge,  and  particularly  in  the  eastern  termination  of  that  chain 
between  Breslau  and  Glatz,  where  there  are  distinct  carboniferous  and  Devonian 
limestones  (the  former  overlaid  by  a  productive  coal-field),  no  Silurian  strata  can 
be  detected.  Thus  also  is  it  in  the  southern  portion  of  the  kingdom  of  Poland  (for 
we  have  recently  examined  all  these  tracts),  where  the  mass  of  the  palaeozoic  rocks 
around  Kielce,  and  formerly  described  by  Pusch,  are  unquestionably  Devonian, 
and  are  succeeded  on  the  west  by  carboniferous  limestone  and  a  great  productive 
coal-field.    Thus,  indeed,  in  Northern  Moravia,  the  oldest  limestone  wherein  or- 
ganic remains  have  been  found,  must  also  be  considered  Devonian. 

In  one  tract,  however,  of  Germany, — in  that,  namely,  around  Prague, — which 
has  been  long  celebrated  for  the  number  and  beauty  of  its  Trilobites,  and  where 
favouring  sedimentary  conditions  prevail,  the  Silurian  strata  are  richly  developed. 
In  a  journey  through  Bohemia  in  1843,  we  were  much  gratified  to  find,  that  by 
assiduous  labours,  M.  Barande  had  made  a  copious  collection  of  fossils  in  the  en- 
virons of  that  city,  and  had  identified  many  of  them  with  published  Silurian  types. 
The  collections  of  this  geologist,  from  the  limestones  and  shales  of  the  district 
around  Prague,  present  an  assemblage  which  leaves  no  doubt  of  the  age  of  the  de- 
posit. Thus  amongst  the  corals  and  Graptolites,  are  found  the  Catenipora  escharoides 
and  Graptolites  Ludensis ;  among  the  Brachiopods,  Leptama  euglypha,  L.  depressa, 
Tcrebratula  Wilsoni,  Terebratula  reticularis,  with  Cardiola  interrupt  a,  &c.  In  a  pro- 
fusion of  chambered  shells  (and  forty-five  forms  of  Orthoceratites  have  already 
been  collected),  the  Orthoceras  Ludense,  0.  gregarivua,  O.excentricum,  have  been  re- 
cognized, with  Lituites,  Cyrtoceras,  Phragmoceras,  and  Gomphoceras,  some  of  the 
species  of  which,  if  not  absolutely  identical,  approach  very  closely  to  the  pub- 
lished Upper  Silurian  forms  \  whilst  amidst  a  multitude  of  Trilobites,  the  Asaphus 
caudatus  and  Calymene  macrophthalma  are  unquestionable  types  of  that  age. 

The  strong  analogy  between  the  Silurian  rocks  of  Bohemia  and  England  is  still 
further  sustained  by  evidences  of  a  Lower  Silurian  group  composed  of  quartzose 
sandstones,  in  which  Trinuclei  have  been  found,  one  of  which  is  undistinguishable 


4 


PAL.EOZOIC  CLASSIFICATION  APPLIED  TO  NORTH  AMERICA. 


from  T.Caractaci.  The  assiduous  exertions  of  M.  Barande  have  thus  demon- 
strated by  fossil  evidences,  what  we  longed  to  have  the  power  to  assert, — the 
presence  of  an  unequivocal  Silurian  system  in  the  very  heart  of  Germany'. 

In  France  the  oldest  palaeozoic  rocks  are  also  Silurian,  but  owing  to  the  meta- 
morphosed nature  of  many  of  the  tracts  in  which  they  occur,  it  has  not  yet  been 
practicable  to  work  out  accurate  boundary-lines  between  the  different  subdivisions 
in  ascending  order  ;  particularly  on  the  flanks  of  the  Pyrenees.  We  are,  however, 
sanctioned  by  the  distinguished  authors  of  the  great  geological  map  of  France* 
in  believing,  that,  on  the  whole,  a  succession  like  that  in  the  British  Isles  pre- 
vails. From  our  own  knowledge  we  should  be  disposed  to  state,  that  in  Brittany9 
and  the  adjacent  tracts  of  Normandy,  strata  of  Devonian  age  (Nehou,  Ize,  La 
Bacconiere,  &c),  containing  many  fossils  in  their  calcareous  members,  repose  upon 
great  masses  of  slaty  schists  and  quartz  rock,  which  at  Angers,  La  Hunaudiere, 
Bain  and  Vitre'  in  Brittany,  and  Siouville  and  May  in  Normandy,  are  charged  with 
Silurian  Trilobites  and  Graptolites.  Among  the  characteristic  and  abundant  Trilo- 
bites  are  the  Calymcne  Tristani,  Ogygia  Guettardi,  and  a  large  Illsnus  approaching 
to  /.  eras8icauda,  though  considerably  larger,  and  named  by  M.  Burmeister, 
1.  giganteus*. 

In  the  Boulonnais  the  palaeozoic  series  has  already  assumed  the  Belgian  and 
Rhenish  type6,  exhibiting  a  clear  descending  order  from  a  Carboniferous  to  a 
Devonian  formation,  each  loaded  with  typical  fossils,  and  underlaid  by  ill-deve- 
loped Upper  Silurian  shale  with  Graptolites. 

In  comparing  the  Silurian  deposits  of  different  parts  of  France  with  those  of 
Spain,  it  is  interesting  to  observe,  that  the  Silurian  type  of  Brittany  is  extended 
southwards  into  the  north-western  territories  of  Spain,  particularly  the  Asturias. 

'  Whilst  we  write,  we  find  that  M.  Emmerich  has  just  published  an  important  memoir  on  Trilobites, 
through  the  aid  of  which  class  of  fossils  only  he  recognises  the  different  stage*  in  paleozoic  scries ;  and 
his  opinion  agrees  with  the  conclusion  at  which  we  arrived  on  the  spot,  that  the  rocks  of  Prague  are  Silu- 
rian (see  Leonhard's  Journal,  184o). 

1  M.  Dufrenoy  and  M.  Elic  dc  Beaumont.  M.  DurocheT  has  recently  attempted  to  divide  the  paleozoic 
rocks  of  the  Pyrenees,  but  without  reference  to  fossils.    Ann.  des  Mines,  tome  viii. 

»  Whilst  Mr.  Murchison  was  visiting  the  interior  of  Germany  and  Poland  (anno  1843),  M.  de  Ver- 
ncuil,  accompanied  by  M.  d'Archiac,  was  examining  the  paleozoic  rocks  of  Brittany. 

♦  See  M.  Burmcister's  excellent  new  work  on  Trilobitea,  which  has  already  obtained  high  commenda- 
tion from  distinguished  naturalists. 

>  Sec  Mr.  Murchison  s  description  of  the  Devonian  rock,  in  the  Boulonnais.  Bull.  Soc.  Geol.  Fr.. 
vol.  viii. 
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From  the  recent  researches  of  M.  Paillette  it  would  appear,  that  beneath  certain 
strata  laden  with  characteristic  Devonian  mollusca  (Terebratula  concentrica,  and 
other  forms  allied  to  that  species,  with  Leptana  Dutertrii,  &c),  are  slaty  schists 
which  that  author  identifies  with  the  Silurian  schists  of  Brittany,  and  containing 
the  Calymene  Tristani,  so  distinctive  of  the  Breton  slates'. 

Whilst  such  has  been  the  progress  in  the  extension  of  the  palaeozoic  classifica- 
tion to  different  parts  of  Western  Europe,  its  truth  has  been  conspicuously  sus- 
tained by  researches  in  the  New  World.  No  sooner  were  the  Silurian  rocks  distin- 
guished by  their  fossils  and  position  from  all  overlying  deposits,  than  several 
geologists  of  the  United  States  showed,  not  only  that  large  masses  of  the  Alleghany 
or  Appalachian  chain  were  composed  of  them,  but  also  that  enormous  coal-fields 
on  its  western  and  northern  flanks  were  deposited  on  a  series  of  strata  very 
analogous  to  the  Silurian  rocks  of  Great  Britain.  Already  geologists  of  several 
of  the  states  have  so  far  published  their  outlines,  that  the  symmetry  of  succession 
common  to  their  country  and  Europe  can  no  longer  be  doubted.  Copious  as  are 
the  subdivisions,  to  which  they  have  applied  numerous  local  names,  we  can  at  once 
recognize  in  their  published  fossils,  not  only  the  existence  of  Lower  and  Upper 
Silurian  groups,  but  also  a  true  Devonian  system,  the  whole  forming  the  base  of 
the  vast  carboniferous  deposits  of  the  west*.    And  if  any  doubt  could  have  been 

1  That  some  of  the  Spanish  schists  are  of  true  Silurian  age.  is  established  by  their  having  been  found 
to  contain  (in  the  Sierra  Morena)  the  Calytnexe  Tritteni,  so  characteristic  in  Brittany.  According  to 
M.  Paillette,  certain  strata,  charged  with  many  Devonian  mollusks,  repose  in  gentle  undulations  on  beds 
loaded  with  coal  and  plants  of  the  carboniferous  age  (Arnao).  If  this  observation  should  prove  correct, 
it  will  still  more  dcvelope  phamomena  respecting  the  extent  to  which  land  plant*  descend  into  the  palseo- 
zuic  rocks, — pbsenomena  to  which  Professor  Sedgwick  and  Mr.  Murchison  alluded  in  their  memoir  on  the 
Rhenish  Provinces  (Ocol.  Trans.,  vol.  vi.  p.  262.). 

*  The  brothers  Professor  W.  B.  and  H.  D.  Rogers,  hare  already  published  some  of  their  general  views, 
which  will  be  followed  by  detailed  maps  and  sections,  and  illustrations  of  the  structure  of  the  Appalachian 
chain  in  Virginia  and  Pennsylvania.  Mr.  Conrad  has  mode  us  well  acquainted  with  many  of  the  Silurian 
species  of  Mollusca,  and  has,  by  means  of  the  trilobites  alone,  divided  the  system  into  three  groups. 
Dr.  Dale  Owen  communicated  a  memoir  on  the  geology  of  the  region  of  Indiana,  with  its  great  coal- 
field* and  subjacent  palvozoic  rocks,  to  the  British  Association  and  Geological  Society  of  London. 
Dr.  Emmons,  besides  bis  Report  of  the  northern  part  of  New  York,  has  just  published  a  work,  entitled 
the  '  Taconic  System,'  descriptive  of  the  oldest  slaty  fossiliferous  rocks  in  Massachussets  and  the  sur- 
rounding states,  which  is  possibly  the  equivalent  of  those  fucoidal  strata  which  in  the  countries  wc  arc 
about  to  describe  form  the  base  of  the  Silurian  system  ?.  Dr.  Troost  of  Nashville  has  described  the  fos- 
siliferous Silurian  divisions  of  Tennessee.  To  Mr.  Vanuxem  we  are  indebted  for  a  volume  on  one  of 
the  four  districts  into  which  the  extensive  state  of  New  York  was  divided.  Mr.  .1.  Hall  has  recently 
put  forth  his  detailed  researches  made  during  the  New  York  survey,  in  a  clear  and  copiously  illnstratcd 
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entertained,  it  has  been  at  once  dispelled  by  the  collections  brought  to  England 
by  Mr.  Lyell,  and  submitted  by  him  to  our  examination,  whilst  he  was  preparing 
for  the  public  eye  a  work  and  map,  in  which  the  parallelism  of  the  American  with 
the  British  succession  will  be  clearly  pointed  out.  Notwithstanding  the  number 
and  variety  of  new  forms  peculiar  to  that  continent,  we  there  find  a  sufficient 
number  of  species,  either  identical  with,  or  closely  allied  to  those  of  Europe,  to 
enable  us  to  recognise  the  development  of  the  same  series  of  phenomena.  There, 
for  example,  as  is  the  case  in  Russia,  the  most  ancient  mollusca  are  Brachiopods, 
void  of  an  articulated  hinge,  and  provided  with  a  horny  shell.  The  lower  sand- 
stone of  the  tracts  near  Lake  Champlain,  so  copiously  charged  with  fragments  of 
Linguist,  that  they  mark  the  lamination  of  the  rock,  and  almost  give  to  it  a 
micaceous  aspect,  are  therefore  strikingly  analogous  to  what  has  been  described 
as  the  Ungulite  grit  of  St.  Petersburgh'.  Above  the  sandstones  occur  the  Trenton 
and  blue  limestones,  fully  developed  in  North  America,  and  charged  with  Trilo- 
bitcs  characteristic  of  strata  of  the  same  age  in  Northern  Europe.  Among  these 
Trilobites  we  have  but  to  name  IlUenus  crassicauda  and  Asaphus  expanws,  with 
Trimicleu8  and  hotelus,  to  show  at  once  how  these  forms  represent  the  most  nu- 
merous and  characteristic  species  of  the  Lower  Silurian  strata  of  Northern  Europe. 
Such  also  is  the  position  of  that  most  decisive  coral  the  Chatetes  (FavositeB)  Petro- 
politanus  and  of  the  shell  Spirifer  lynx,  the  varieties  of  which,  abundantly  diffused 
through  the  states  of  Ohio,  Tennessee,  Kentucky  and  Indiana,  occupy  exactly 
the  same  geological  position  as  in  Russia  and  Scandinavia.  Lastly,  besides  certain 
Graptolites,  this  lower  stage  terminates,  in  ascending  order,  with  a  calcareous  band 

volume,  the  mere  inspection  of  which  led  us  at  once  to  infer,  that  in  the  vast  scries  which  he  simply  de- 
signates the  "  New  York  Syttem,"  the  Devonian,  Upper  Silurian  and  Lower  Silurian  rocks  are  clearly  to 
he  distinguished.  It  is  somewhat  remarkable  that  the  Liuf/orviUe  rock  of  this  author  seems  to  be  the 
exact  equivalent  of  the  Ludlow  rocks  of  England  !  So  numerous  is  the  list  of  American  authors  who  have 
written  on  the  older  rocks  of  their  respective  states,  that  we  cannot  now  mention,  still  less  do  them  justice  ■ 
though  we  must  not  omit  to  notice  Professor  Hitchcock,  who  so  fully  described  the  geology  of  Mossa- 
chussets,  and  Dr.  Green,  whose  monograph  on  the  Trilobites,  published  some  years  ago,  clearly  indicated 
the  existence  of  Silurian  rocks  in  that  country.    Nor  can  we  conclude  this  note  without  stating,  that  in 

United  States,  Mr.  Feathers  toulwugh  placed  in  a  general  way  the  lower  strata  of  the  Alleghany  chain  on 
the  parallel  of  the  Silurian  system  as  early  as  the  year  1S3G. 

>  Sec  Proe.  Geo).  Sue.  of  London,  abstract  of  Memoirs  read  in  April  1842,  at  which  time  the  authors 
of  this  work  had  not  drawn  the  true  distinctions  between  the  Lower  and  Upper  Silurian  rocks  of  Russia. 
Pander's  Bcitruge,  and  Chapter  III.  of  this  work. 
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loaded  with  Pentamerus  oblongus,  the  very  fossil  by  which  we  have  distinguished 
the  same  zone  in  the  British  Isles Norway  and  Sweden  ! 

The  great  abundance  of  corals  constitutes  in  the  United  States,  as  in  the  old 
continent,  the  striking  feature  of  the  Upper  Silurian  rocks,  and,  as  with  us,  the 
Catenipora  escharoides,  Favorites  Gotklandica  and  F.  alveolaris  there  form  massive 
reefs.  These  coralline  rocks  may,  without  hesitation,  be  grouped  with  the  Wenloek 
limestone ;  for  it  is  in  this  stage  also  that  the  Calymene  macrophthalma,  C.  Blumen- 
bachii,  Bumastus  Barriensis,  Asaphus  caudatus,  Homalonotus  delphinocephalus  also 
occur,  with  several  mollusca,  which  remind  us  of  the  European  fauna  of  this 
formation  *. 

The  Silurian  system,  thus  clearly  divisible  into  two  groups,  is  overlaid  in  the 
United  States  by  shales,  sandstones  and  flagstones',  which  must  be  referred  to  the 
Devonian  system,  for  they  contain,  in  effect,  the  very  fossils  which  we  have  pub- 
lished as  characteristic  of  that  age  from  the  Boulonnais  in  France  and  the  Rhenish 
provinces,  among  which  are  the  Spirifer  Verneuilli  and  Orthis  crenistria  or  umbra- 
culum.  The  beds  are  crowned  by  a  red  sandstone  with  peculiar  fishes,  which 
every  one  must  at  once  admit  to  be  characteristic  of  the  Old  Red  Sandstone  of 
the  British  Isles.  If,  however,  from  this  fact  some  persons  might  suppose,  that  a 
division  were  practicable  between  the  Old  Red  Sandstone  and  the  Devonian  shelly 
limestone,  we  beg  to  refer,  not  only  to  our  memoir  upon  the  Rheuish  provinces 
before  cited,  but  also  to  the  third  and  fourth  chapters  of  this  work,  wherein 
proofs  will  be  adduced  of  the  absolute  intermixture  of  these  ichthyolitcs  and 
shells  in  the  very  same  strata.  Lastly,  the  Carboniferous  system  is  distinguished 
in  North  America  as  elsewhere  by  its  Producti,  whilst  the  coal-beds  contain  plants 
for  the  most  part  identical  in  species  with  those  of  Europe,  and  by  shells,  such  as 
the  Bellerophon  Urii  and  Euomphalus  carbonarius  (Sow.),  which  are  undistinguishable 
from  species  of  the  Scottish  coal-fields4. 

1  This  is  the  Hordcrly  and  Woolhope  limestone  of  the  Silurian  rocks  (see  Sil.  Syst.  p.  217,  414,  419). 
Wc  shall  show  in  the  sequel  the  exact  position  of  this  limestone  in  Norway  and  Sweden,  where  it  contains 
the  same  species  of  Pentamerus,  which  in  Russia  is  represented  by  our  P.  bortalU. 

*  We  may  here  further  mention  some  of  the  true  Upper  Silurian  molluscous  species  that  we  have 
recognised  in  the  collection  of  Mr.  Lyell.  Cytkeriiut  alia  (very  near  to  C.  Bait  lea).  Terebratula  Wiltoni, 
Atrypa  tphtrica,  Pentamerus  (Atrypa)  galeatus.  Leptma  depretta,  L.  euglypka.  Orthis  ranalis.  From  the 
work  of  Mr.  J.  Hall  we  may  further  cite  the  Wenloek  specie*  Spirifer  cartUotpermiformis  and  Hypan- 
thoerinitei  decorus  (sec  Silurian  System,  p.  630,  672). 

>  The  Tully.  Genessee,  Portage  and  Chemung  groups  of  Mr.  J.  Hall. 

1  M.  de  Vemeuil  recognised  these  good  British  types  in  a  collection  brought  by  Mr.  Lyell  from  certain 
beds  of  shale  at  Frostburg  m  Maryland  which  rest  directly  on  a  bed  of  coal, 
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Judging  from  the  numerous  Orthoceratites  and  Trilobites  long  since  supplied 
to  us  from  the  British  colonies  of  North  America,  we  were,  indeed,  well  aware,  that 
the  strata  to  which  we  affixed  the  term  Silurian  must  there  have  a  very  wide  ex- 
tension ;  and  this  general  point  was  sustained  by  the  publication  of  numerous 
Silurian  fossils  from  that  region  by  M.  de  Castelnau1.  But  even  whilst  we  write, 
new  data  crowd  upon  us  from  the  researches  of  Mr.  Logan  and  Captain  Bayfield, 
which  more  clearly  indicate  the  exact  nature  of  the  palaeozoic  succession  in  those 
regions,  and  show  us  how  analogous  it  is  to  that  of  Europe.  The  Lower  Silurian 
rocks  arc  well-developed  at  the  Falls  of  Niagara  and  in  various  parts  of  the  Canadas 
and  Nova  Scotia,  where  they  rest,  it  appears,  on  gneissic  and  granitic  rocks,  just 
like  similar  beds  in  Scandinavia,  which  are  described  in  the  next  chapter.  The 
northern  side  of  the  Gulf  of  St.  Lawrence  is  composed  of  more  ancient  crystalline 
rocks,  whilst  the  Lower  Silurian  occupy  the  isles  of  Mingan  and  Anticosti.  In  the 
collections  made  in  these  islands  by  Captain  Bayfield,  we  were  delighted  to  recognise 
our  Russian  friends  Illeenus  crassicauda,  Orthoceratites  duplex,  Spirifer  lynx  and  Lep- 
tana  Humboldti,  and  still  more  to  find  that  this  group  was  there  (as  in  England  and 
Scandiuavia)  overlaid  by  limestones  containing  the  Pentamerus  oblongw.  Again, 
the  north  coast  of  Newfoundland  offers  a  like  succession,  for  near  Norman  Cape 
the  Orthoceratites  duplex  and  Euomphalus  qualteriatus,  both  characteristic  Lower 
Silurian  types  in  Russia,  are  associated  with  other  Orthoceratites  and  chambered 
shells,  some  of  which  are  allied  to  Nautili  and  Lituites,  as  in  the  Bay  of  Chris- 
tiania.  The  same  enterprizing  naval  surveyor  (Captain  Bayfield),  has  further 
observed  the  junction  of  the  lowest  Silurian  deposits  with  the  subjacent  crystal- 
line rocks  along  a  frontier  of  not  less  than  2000  miles,  or  from  the  Straits  of  Belle- 
isle  on  the  north-east,  to  the  end  of  Lake  Superior  on  the  south-west* ;  whilst  from 
this  grand  base-line,  an  ascending  succession  has  been  traced  eastwards  and  south- 
wards, through  Upper  Silurian  and  Devonian,  to  the  Carboniferous  deposits  of  New 
Brunswick  and  the  United  States. 

Extending  our  views  from  North  to  South  America,  we  have  to  thank  M.  Alcide 
d'Orbigny  for  a  splendid  geological  work,  in  which  be  has  endeavoured  to  sketch 
out,  through  many  degrees  of  latitude,  the  great  subdivisions  of  the  Silurian,  De- 
vonian and  Carboniferous  series .  whilst  Mr.  C.  Darwin  had  long  ago  satisfied  us  of 
the  existence  of  Lower  Silurian  rocks  in  the  Falkland  Isles.  We  can  now  there- 
fore affirm,  that  throughout  the  western  hemisphere,  from  the  far  north  to  isles 

•  Systdmc  Silurien  de  l'Amcriquc  Septentrionale. 

•  Sec  Memoir  read  before  the  Geological  Society  of  London,  March  1845. 
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almost  within  the  antarctic  circle,  the  paleozoic  deposits  succeed  each  other  in  the 
same  order  as  in  the  British  Isles. 

By  our  own  researches  it  is  shown,  that  the  same  paleozoic  order  extends  from 
the  typical  countries  of  Western  Europe  already  explored,  through  Scandinavia 
into  Russia,  and  thence  into  Asia.  In  justice,  however,  to  the  adventurous 
explorers  of  the  north-eastern  and  southern  parts  of  Siberia,  we  must  state  that  we 
owe  what  acquaintance  we  possess  of  those  lands  not  only  to  the  published  account 
of  Baron  Humboldt  and  Mr.  G.  Rose,  but  also  to  the  travels  of  M.  Adolph  Erman, 
M.  de  Tchihatcheff  and  Professor  Middendorff '. 

In  Hindostan,  so  eminently  British,  we  regret  to  say,  that  although  the  secondary 
rocks  of  that  district  have  been  to  some  extent  described,  and  the  tertiary  deposits 
on  the  south  flank  of  the  Himalaya,  with  their  extraordinary  fossil  contents,  have, 
in  the  hands  of  British  officers,  thrown  a  flood  of  new  light  on  the  characters  of 
the  fauna  of  that  recent  period,  no  well-defined  and  precise  labours  have  yet  been 
devoted  to  the  older  rocks  of  the  vast  peninsula  of  India :  a  fact  the  more  extra- 
ordinary, when  it  is  recollected,  that  without  such  researches  those  to  whom  the 
government  of  that  country  is  entrusted  can  never  really  distinguish  its  old  and 
true  coal  strata  from  those  of  comparatively  worthless  character. 

In  Africa,  particularly  in  its  southern  extremity,  we  are  acquainted  with  Silurian 
rocks  containing  characteristic  Trilobites  and  other  organic  remains,  though  in 
respect  to  their  details  and  succession  we  can  do  no  more  than  refer  to  what  we 
formerly  said  of  them  (see  Silurian  System,  p.  217.). 

Through  the  labours  and  collections  of  M.  Strzelecki  and  other  travellers,  we 
learn  that  in  Australia  there  are  deposits  loaded  with  fossils  analogous  to  those  of 
our  carboniferous  group,  one  of  which  approaches  to  the  Productus  antiquatutt, 
another  is  a  Conularia  very  near  to  C.  quadrisulcata,  and  these  deposits  repose  on 
strata  in  which  corals  of  Devonian  age  have  been  discovered. 

Lastly,  we  come  to  the  consideration  of  the  extensive  investigations  which  wo 

'MA  Erroan  hiu  published  a  geological  map  of  Siberia  and  several  Silurian  fossils  from  the  banks 
of  the  I/ena  in  57°  north  latitude.  (Archiv  fur  Ruseland,  vol.  iii.  pp.  161  and  542.)  M.  Pierre  dc  Tchi- 
hatcheff has  explored  the  higher  tracts  of  the  Altai  mountains  bordering  on  China,  from  the  Irtjrsh  river 
to  the  Yenisei,  where  he  observed  a  copious  development  of  Devonian  and  carboniferous  rocks.  (Voyage 
Scientifique  dans  I'Altm  Orientate,  &c.)  Professor  Middendorff,  after  thoroughly  exploring  the  Taimyr 
region  of  the  far  north,  has  retraversed  Siberia  to  the  extreme  south-east  or  to  the  Shan  tar  Isles  in  the 
Sett  of  Okhutsk  !  and  has  shown  that  vast  tracts,  extending  over  the  Stanovoi  mountains  and  along  the 
Amur  frontier  of  China,  consist  of  carboniferous  and  other  paleozoic  deposits,  with  granites,  greenstone* 
and  roetomorphic  rocks.    (See  Bull,  de  l'Acad.  de  St.  Petersbourg,  Dec.  1844.) 


7 


SUCCESSION  OF  PALEOZOIC  DEPOSITS  IN  RUSSIA. 


have  ourselves  made  in  Scandinavia,  European  Russia  and  the  Ural  Mountains. 
This  appeal,  we  have  no  hesitation  in  saying,  has  unequivocally  sustained  the 
conviction,  that  whilst  the  Lower  Silurian  is  there  the  lowest  fossiliferous  type, 
it  is  also  the  base  of  a  series  composed  of  overlying  formations,  very  distinctly 
referable  to  the  Upper  Silurian,  Devonian  and  Carboniferous  groups.  We  may, 
indeed,  assert,  that  as  the  proofs  of  these  natural  divisions  there  extend  over  a  very 
large  portion  of  the  earth,  and  in  a  completely  unaltered  state,  so  are  they  still 
more  clear  than  those  offered  by  any  one  region  hitherto  examined.  In  the  north 
of  England,  for  example,  the  palaeozoic  succession  is  broken  ,  for  the  Old  Red 
Sandstone  is  a  mere  conglomerate  without  fossils,  and  although  the  Upper  Silurian 
rocks  are  copiously  developed  in  a  slaty  and  subcrystalline  form  (the  beds  con- 
taining many  fossils),  the  place  of  the  Lower  Silurian,  with  the  exception  of  the 
uppermost  strata,  is  occupied  by  great  masses  of  chloritic  schist,  alternating  with 
countless,  contemporaneous  ribs  of  porphyry,  as  well  as  with  trappa?an  conglome- 
rates and  slaty  beds  derived  mechanically  from  materials  of  igneous  origin1.  In 
Scotland,  where  the  old  red  formation  is  copiously  spread  out  in  sandstone,  shale 
and  conglomerates,  and  contains  many  ichthyolites,  it  is  void  of  mollusks,  and  the 
schistose  rocks  which  succeed  to  it  have  been  as  yet  but  obscurely  characterized 
as  Silurian  by  their  organic  remains,  though  certain  bands  with  trilobites,  corals 
and  other  fossils  have  been  observed  in  the  Galloway  hills,  which,  overlying  the 
older  grauwacke,  must,  we  think,  belong  to  the  Upper  Silurian  group*.  Even  in 
the  typical  Silurian  region,  where  the  stratigraphical  order  and  succession  are  so 
unequivocal,  the  Old  Red  Sandstone  contains,  as  before  said,  no  shells ;  and  in 
Devonshire,  where  shells  abound  in  the  same  system,  no  fishes  have  been  seen  and 
a  few  broken  portions  only  of  Silurian  rocks  have  recently  been  recognised  in  Corn- 
wall3.   Again,  in  most  of  these  tracts,  as  well  as  in  the  Rhenish  provinces,  the 

1  See  Professor  Sedgwick"*  memoir  read  before  the  Oeol.  Soc.  of  London.  March  1845. 

9  Sec  Professor  Sedgwick's  memoir,  Proe.  Oeol.  Soe.  vol.  iii.  p.  553.  Some  years  ago  Graptolites 
were,  indeed,  discoTcred  in  the  schists  of  Wigtonshire  by  Mr.  John  Carrick  Moore  (Proc  Oeol.  Soc. 
vol.  iii.  p.  277).  and  even  whilst  we  write,  we  have  seen  Orthoceratites  from  the  black  schists  of  St.  Mary's 
on  the  southern  shores  of  Kircudbright,  recently  found  there  by  the  Earl  of  Selkirk,  which  are  unques- 
tionable Upper  Silurian  forms. 

1  By  the  discoveries  of  Mr.  C.  \V.  Peach,  shells  and  fishes  apparently  belonging  to  the  uppermost  beds 
of  the  Silurian  system  have  been  recognised  between  Looe  and  Fowey  in  Cornwall.  Mr.  Peach  indeed 
believes,  that  several  fossils  of  other  and  lower  formations  of  the  Silurian  system  also  occur  in  Cornwall  j 
but  the  very  imperfect  condition  of  these  bodies  and  the  absence  of  stratigraphical  order  have  hitherto 
prevented  very  decisive  identifications.  (See  31st  Report  of  the  Royal  GeoL  Soc.  of  Cornwall.) 
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palaeozoic  strata  are  for  the  most  part  in  such  a  highly  disturbed  and  fractured 
condition  (sometimes,  indeed,  inverted),  that  their  true  symmetry  is  not  easily 
ascertained.  Such  difficulties  are,  in  truth,  much  increased  throughout  Western 
Europe  by  the  prevalence  of  rocks  of  igneous  origin,  through  whose  eruption  many 
dismemberments  and  alterations  of  the  strata  have  been  produced. 

Russia,  ou  the  contrary,  being  a  vast  region,  by  far  the  greater  portion  of 
which  has  been  singularly  exempted  from  all  such  igneous  agency,  is  found  to 
present  an  unaltered  succession  of  older  rocks,  whose  nature  we  shall  presently 
define,  by  considering  them  in  an  ascending  series  ;  and  in  doing  so  we  hope,  not 
only  to  exhibit  the  distinct  development  of  the  earliest  sedimentary  strata  over  a 
very  wide  space,  but  also  to  point  out  that  certain  desiderata  not  supplied  by  other 
countries  are  there  clearly  furnished.  This  we  shall  endeavour  to  do,  first,  by 
developing  an  unequivocal  base-line  of  palaeozoic  existence  in  the  Lower  Silurian 
strata,  as  indicated  both  by  the  gradual  decrement  and  disappearance  of  vestiges 
of  animal  life  in  the  inferior  member  of  the  series,  which,  void  of  all  traces  of  the 
lowest  vertebrata  and  containing  fucoids  only  in  the  inferior  beds,  rest  upon  pre- 
existing crystalline  rocks  without  fossils ;  secondly,  by  pointing  out  over  large 
territories,  the  co-cxi6tence  in  the  same  strata  of  the  fossil  fishes  of  the  Old  Red 
Sandstone  of  Scotland  with  the  shells  and  other  fossils  of  the  shelly  and  calcareous 
rocks  of  South  Devon  and  the  Eifel1 — thus  demonstrating  that  they  constitute  one 
inseparable  natural  group  ;  and  thirdly,  after  describing  a  peculiar  form  of  the  car- 
boniferous system  and  giving  a  detailed  account  of  the  coal-bearing  tracts  in  the 
empire,  by  establishing  under  the  name  of  "  Permian"  a  copious  series  of  deposits 
which  form  the  true  termination  of  the  long  palaeozoic  periods. 

This  last-mentioned  system  has  not  hitherto  obtained  the  attention  to  which  it 
is  entitled.  In  France  it  is  known  only  as  a  deposit  of  red  sandstone  with  a  few 
plants  ;  in  Belgium  it  is  a  mere  conglomerate  (the  "  Penmen"  or  sterile  group  of 
M.  d'Omalius  d'Halloy).  In  England  and  Germany,  where  its  members  are  much 
more  expanded  in  the  form  of  red  sandstone  and  conglomerate,  magnesian  lime- 
stone, copper  slate,  &c,  the  strata  have  never  received  a  collective  name,  nor  have 
they  till  recently  been  united  as  a  natural  group*,  distinguishable  from  the  inferior 

1  We  have  just  ascertained  from  M.  Vogt,  the  friend  of  Agossiz,  that  certain  remains  of  fishes  brought 
by  us  from  Gerolstein  in  the  Eifel,  belong  to  the  Old  Red  genera  Otteolepi*  and  Coccotteu*. 

'  Professor  Phillips  was  the  first  to  maintain,  that  the  fossils  of  the  magnesian  limestone  of  England 
ought  to  be  classed  with  those  of  the  palaeozoic  rocks,  and  our  Permian  researches  confirm  his  view. 
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formations  by  peculiar  species,  though  connected  with  them  by  the  general  aspect 
of  their  fauna,  and  entirely  different  in  all  their  organic  contents  from  the  overlying 
or  triassic  system. 

Finding  that  this  supracarboniferous  group  was  not  only  spread  over  a  region 
of  enormous  dimensions  in  Russia,  extending  from  the  Volga  to  the  Ural  Moun- 
tains on  the  east,  and  from  the  Sea  of  Archangel  to  the  southern  steppes  of  Oren- 
burg, but  that  among  certain  fossils  characteristic  of  the  Zechstein  in  other  parts  of 
Europe,  it  also  contained  many  new  species  of  shells  and  a  fauna  somewhat  differing 
from  that  of  the  carboniferous  age,  we  have  ventured  to  apply  to  it  a  collective 
name  derived  from  the  ancient  kingdom  of  Permia,  which  was  situated  in  the  centre 
of  the  vast  territories  overspread  by  these  deposits. 

In  strata  of  the  secondary  period,  Russia  is  much  less  rich  than  in  those  of  pa- 
laeozoic date.  She  contains,  for  example,  no  masses  which  can  be  distinctly 
referred  to  the  New  Red  Sandstone  or  Trias  ;  for  wherever  we  have  attempted  to 
define  such  beds,  we  have  found  them  to  be  intimately  associated  with  those  of 
true  Permian  age'.  This  view  has  been  strengthened  by  the  entire  absence  of  the 
muschelkalk  in  Russia  proper ;  one  small  and  dubious  representative  of  it  only 
having  been  observed  in  the  isolated  hill  called  Mount  Bogdo  (steppe  of  Astra- 
khan) . 

The  Jurassic  deposits  cover  detached  districts  of  Russia,  from  the  Icy  Sea  on 
the  north  to  the  Caucasus  in  the  south.  In  Russia  proper  they  exist  chiefly  in 
the  form  of  shales  and  sands,  which  are  exclusively  referable  to  the  middle  or 
Oxfordian  member  only  of  the  oolitic  or  Jurassic  series  of  other  parts  of  Europe  ; 
the  lias  and  lower  oolites,  as  well  as  the  Kimmeridge  and  Portland  or  upper  oolite, 
being  everywhere  wanting. 

Unlike  the  Jurassic,  the  Cretaceous  system  is  exclusively  confined  to  the  southern 
half  of  Russia,  where  it  often  presents  the  peculiar  characters  and  organic  contents 
of  the  white  chalk  of  other  parts  of  the  world,  and  in  some  tracts  the  equivalents, 
though  never  fully  developed,  of  the  greensand  strata. 

1  These  introductory  pages  being  among  the  last  printed  in  our  book,  we  take  this  opportunity  of  al- 
luding to  a  work  by  Dr.  Kutorga  that  ha*  just  appeared  (2.  He  it  rag  zur  Palaeontologie  Russlands),  which 
from  the  form  of  certain  plant*  therein  figured,  as  well  as  from  a  shell  which  that  author  considers  to  be 
a  Potidonomya,  might  lead  geologists  to  believe  in  the  existence  of  Trias  at  Kargala  near  Bielebei  in  the 
government  of  Orenburg.  We  cannot,  however,  admit  the  inference  of  Dr.  Kutorga  (and  of  his  fossil* 
we  may  speak  in  the  Appendix  or  second  volume),  more  particularly  as  he  states,  on  the  authority  of 
Major  Wangcnheim,  who  surveyed  the  tract,  that  the  fossil  beds  of  Kargala  lie  low  in  the  scries  which 
we  have  demonstrated  to  be  of  Permian  age. 
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The  Jurassic  and  cretaceous  rocks  of  Russia,  possessing  to  a  great  extent,  wherever 
we  have  examined  them,  the  same  mineral  and  zoological  aspect  as  in  the  British 
Isles,  northern  France  and  Germany,  thus  present  the  strongest  contrast  to  the  sub- 
crystalline  limestones  of  the  same  age  in  the  south  of  France,  Spain,  the  southern 
flank  of  the  Alps,  Italy,  Greece,  Asia  Minor,  and  the  Caucasus,  which  exhibit 
what  has  been  termed  the  Mediterranean  type1.  The  tertiary  deposits,  exclusive 
of  a  few  patches  of  very  recent  age,  are  most  expanded  in  southern  Russia,  where 
beds  will  be  described  which  truly  represent  the  Eocene  and  Miocene  divisions,  the 
former  having,  in  parts,  the  very  same  structure  and  contents  as  the  London  clay, 
and  the  latter  being,  in  fact,  the  extension  of  the  great  basins  of  Vienna  and  Hun- 
gary. Nearly  if  not  entirely  deficient  in  marine  deposits  of  the  Pliocene  or  newer 
Tertiary  period,  the  southern  extremities  of  Russia,  from  the  conUnes  of  the  Black 
Sea  and  the  Sea  of  Azof  to  the  Caspian  and  Aral  seas,  as  well  as  wide  tracts  of 
Asia,  the  Crima?a  and  Caucasus,  are  composed  of  deposits,  which  distinctly  over- 
lying the  oceanic  tertiaries  of  Miocene  age,  are  completely  distinct  from  any  great 
geological  group  hitherto  described.  Uniformly  and  copiously  charged  with  a 
limited  number  of  species  of  shells,  more  or  less  similar  to  those  of  the  Caspian 
of  the  present  day',  these  widely-spread  accumulations  of  the  steppes  will  be  shown 
to  have  been  formed  exclusively  in  the  same  brackish  waters  that  must  once  have 
occupied  an  area  as  large,  if  not  larger,  than  the  present  Mediterranean  Sea 

Directing  the  especial  attention  of  geologists  to  this  grand  feature  in  the  former 
arrangement  of  the  surface  of  the  globe  which  has  hitherto  almost  escaped  their 
attention,  and  then  describing  certain  raised  bottoms  of  the  Northern  Seas,  the  first 
part  of  this  work  will  conclude  with  an  account  of  the  last  scene  of  a  long  series  of 
subaqueous  deposits,  traced  chronologically  from  the  period  of  the  earliest-formed 
organic  types,  to  that  in  which  the  shells  of  the  sea  were  to  a  great  extent  the  same 
as  those  now  prevailing. 

Having  shown  that  throughout  all  this  long  succession  of  deposits,  the  whole 
sedimentary  superficies  of  central  Russia  (forming  nearly  one-half  of  the  continent 

'  By  M.  von  Buch. 

•  Sec  observations  on  a  recent  memoir  of  Colonel  Helracrsen  on  the  character  of  certain  shells  found 
in  the  Ust-Urt  by  M.  Basinicr  (Appendix).  The  discoveries  of  M.  Baiinicr  have  somewhat  modified  our 
views  (pp.  309-024)  concerning  the  whole  area  which  wc  supposed  to  be  occupied  by  the  brackish 
Aralo-Caspian  Sea.  See  Appendix  on  this  point,  and  also  for  some  important  facts  concerning  the  ter- 
tiary deposits  on  the  south  coast  of  the  Black  Sea,  and  the  plateaux  west  of  Ararat,  as  derived  from  our 
friend  Mr.W.  Hamilton.  M.P..  Scc.Geol.  Soc.  (see  Map.  PI.  VI.). 
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of  Europe)  has  been  disturbed  by  broad  undulatory  movements  only,  but  has  not 
been  subjected  to  great  disruptions,  nor  affected  by  any  intrusions  whatever  of 
igneous  matter ;  and  further,  that  all  the  deposits  from  the  oldest  to  the  youngest 
are  very  little  altered  and  in  many  instances  unsoliditied,  we  then  transport  our 
readers  to  the  Ural  Mountains  and  Siberia.  There,  on  the  contrary,  we  indicate 
how  formations  of  the  same  age  as  those  which  in  European  Russia  are  slightly 
coherent  and  horizontal,  have  been  thrown  up  in  mural  masses,  broken  into  frag- 
ments, impregnated  with  minerals  and  often  inverted  in  their  order.  All  these 
phenomena  occur  along  a  grand  meridian  fissure  in  the  earth's  surface,  through 
which  copious  masses  of  igneous  matter  have  been  evolved  at  intervals  from  very 
remote  antiquity,  whilst  the  chain  has  undergone  elevation  and  even  impregnation 
with  gold  ores  at  a  period  not  very  distant  from  our  own.  Although  we  naturally 
refer  to  such  disturbances  as  the  cause  of  the  great  change  that  the  sedimentary 
masses  are  there  found  to  have  undergone,  yet  in  describing  these  mutations,  a 
clear  distinction  is  drawn  between  the  ancient  crvstalline  or  azoic  rocks  of  Scan- 
dinavia  on  which  the  Silurian  strata  rest,  and  those  Uralian  metamorphosed  rocks 
which  often  to  a  great  extent  assume  the  same  primary  characters  and  aspect. 

In  the  concluding  chapters  of  this  volume  we  take  a  general  survey  of  the  super- 
ficial deposits  of  the  vast  region  of  the  Ural  Mountains  and  Siberia,  wherein  have 
been  found  the  abundant  remains  of  large  mammalia,  and  which  are  so  celebrated 
for  the  gold  ore  they  contain  ;  and  reasoning  from  geological  evidences  we  have 
endeavoured  to  delineate  certain  ancient  geographical  features,  at  a  time  when  a 
large  portion  of  those  vast  regions  constituted  a  continent,  inhabited  by  these  extinct 
mammals,  whose  destruction  will  be  shown  to  have  been  coeval  with  the  last  ele- 
vations of  the  Ural  chain.  On  the  other  hand,  we  adduce  our  reasons  for  believing, 
that  whilst  Siberia  and  the  Ural  were  above  the  waters,  Russia  in  Europe  must 
have  been  beneath  them  ;  a  conclusion  which  seems  necessary  in  order  to  render 
explicable  upon  rational  grounds  the  phenomena  of  the  great  Scandinavian  drift, 
by  which  all  the  low  countries  of  the  north  have  been  covered  by  far-transported 
materials.  Lastly,  after  an  account  of  that  singular  overlying  deposit  the  black 
earth  of  Russia  and  an  attempt  to  explain  its  origin,  followed  by  an  account  of  the 
present  causes  as  tending  to  produce  a  change  of  the  surface,  whether  by  the  agency 
of  ice,  water,  alluvial  deposits,  or  the  elevation  of  land,  the  first  volume  is  con- 
cluded by  a  short  resume,  showing  to  what  extent  our  conclusions  are  borne  out 
by  an  appeal  to  such  extensive  observations. 
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The  second  volume,  or  Part  III.,  being  exclusively  devoted  to  the  description  of 
Organic  Remains,  necessarily  constitutes  the  great  mass  of  evidence  which  practical 
geologists  and  palaeontologists  will  require. 

This  brief  exposition  of  the  objects  we  have  laboured  to  attain,  will,  we  trust, 
suffice  to  enable  our  readers  to  judge  of  the  success  with  which  our  leading  views 
have  been  developed.  A  few  years  ago  only,  when  unable  to  indicate  the  first 
created  animals,  or  the  exact  relative  places  occupied  by  some  of  the  earliest  forma- 
tions, we  were  compelled  to  trace  the  sequence  downwards  by  commencing  with 
deposits  previously  analysed,  proceeding  thence  to  those  of  anterior  date' ;  but  now 
having  learnt  to  decipher  the  very  first  letters  in  the  long  records  of  animal  life, 
we  assume  a  more  distinct  position  as  historians,  and  exhibit  in  their  natural  order, 
the  successive  organic  features  which  appear  in  the  stony  legend  of  the  earth,  from 
their  earliest  dawn  to  the  present  condition  of  the  planet. 

In  a  word,  after  a  patient  study  of  the  types  of  palaeozoic  life,  we  can  now 
fearlessly  assert,  that  the  geological  history  or  sequence  of  the  earliest  races  of 
fossil  animals  is  firmly  established.  Its  truth  is  sustained  by  the  display  of  forms, 
which  mark  the  period  when  the  first  vestiges  of  life  can  be  discovered,  as  well  as 
the  following  successive  creations ;  and  thus  whilst,  with  the  exception  of  one 
sacred  record,  we  can  truly  say,  that  the  origin  of  the  greatest  empires  of  man  is 
buried  in  fable  and  superstition,  the  hard  and  indelible  register,  as  preserved  for 
our  inspection  in  the  great  book  of  ancient  Nature,  is  at  length  interpreted  and 
read  off  with  clearness  and  precision. 

Passing,  however,  from  these  grand,  general  considerations,  to  which  we  may  be 
pardoned  for  alluding,  since  they  bear  so  directly  on  the  sublimity  and  truthful- 
ness of  geological  science,  we  now  proceed  to  the  special  objects  of  our  own 
undertaking. 

>  See  the  '  Silurian  System.'  and  the  plan  pursued  in  that  work  (passim). 
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SILURIAN  ROCKS  OF  SCANDINAVIA. 

The  Lower  Silurian  Rocks  of  Scandinavia  shown  to  form  the  true  base  of  all  deposits 
containing  Organic  Remains. — Their  relations  in  the  Territory  of  Christiania  to 
pre-existing  Gneissose  and  Granitic  or  Azoic  Rocks. — Norwegian  Sections  showing 
the  ascending  order  from  Lower  through  Upper  Silurian  to  Old  Red  Sandstone 
inclusive. — Intrusive  Rocks  associated  with  the  Palaeozoic  Formations  distinguished 
from  those  which  have  affected  the  Azoic  Rocks. —  The  chief  Paleozoic  Ph/enomena 
of  Sweden  explained,  and  the  Lower  Silurian  Rocks  of  various  localities  shown  to 
rest  upon  Granitic  Gneiss,  which  has  furnished  the  materials  of  their  lowest  stratum 
(Sections  of  Kinnekulle,  Lugnos,  Omberg,  Grenna,  Berg,  $c.}. — Upper  Silurian 
Group  of  England  perfectly  represented  in  the  Isle  of  Gothland. — Comparison  of 
the  Fossils  and  close  analogy  of  Lower  and  Upper  Silurian  Divisions  of  Scandinavia 
with  those  of  the  Br-itish  I.sles. 

A  GLANCE  at  our  Map  and  a  few  words  of  explanation  from  ourselves,  will  at 
once  lead  the  reader  to  understand,  that  the  geologist  who  would  effectively  write 
a  history  of  the  whole  series  of  sedimentary  deposits  that  encumher  the  surface 
of  Russia,  must  naturally  begin  with  a  sketch  of  the  adjacent  Scandinavian  regions, 
which,  chiefly  occupied  by  highly  crystalline  rocks,  are  in  many  places  covered 
with  patches  of  ancient  strata  containing  organic  remains.  This  indeed  was  spe- 
cially called  for,  by  the  previous  works  of  Hisingcr,  Wahlcnberg,  Von  Buch  and 
Dalman,  whose  representations  of  organic  forms  had  long  ago  led  us  to  conclude, 
that  deposits  of  true  Silurian  age  existed  in  Sweden  and  Norway1.  Finding  that 
the  low  level  of  the  country,  and  the  mass  of  detritus  with  which  it  is  covered, 
prevented  our  detecting  junctions  between  the  lowest  known  sedimentary  deposits 

1  See  Silurian  System  patsim. 


AZOIC  ROCKS  OF  SCANDINAVIA. 


10* 


and  any  crystalline  rocks  of  anterior  age  in  Russia,  it  became  indeed  essential, 
that  previous  to  writing  our  first  pages  of  the  history  of  succession  in  this  part  of 
the  globe,  we  should  see  and  describe  what  might  be  exhibited  amid  the  hard  and 
rocky  lands  of  Scandinavia,  of  the  absolute  contact  of  the  lowest  sedimentary  strata 
with  the  crystalline  rocks  of  that  region. 

On  this  point  we  have  recently  convinced  ourselves,  by  clear  and  indisputable 
sections,  that  the  lowest  beds  charged  with  anything  like  animals  or  vegetables, 
are  the  exact  equivalents  of  the  Lower  Silurian  strata  of  the  British  Isles,  and  that 
these  have  been  distinctly  formed  out  of,  and  rest  upon,  slaty  and  other  rocks  which 
had  undergone  crystallization  before  their  particles  were  ground  up  and  cemented 
together  to  compose  the  earliest  beds  in  which  organic  life  is  traceable.  To  the 
crystalline  masses  which  preceded  that  palaeozoic  succession  to  which  our  researches 
were  mostly  directed,  we  apply  the  term  "  Azoic,"  not  meaning  thereby  dogmati- 
cally to  affirm,  that  nothing  organic  could  have  been  in  existence  during  those 
earliest  deposits  of  sedimentary  matter,  but  simply  as  expressing  the  fact,  that  in 
as  far  as  human  researches  have  reached,  no  vestiges  of  living  things  have  been 
found  in  them,  so  also  from  their  nature  they  seem  to  have  been  formed  under  such 
accompanying  conditions  of  intense  heat  and  fusion,  that  it  is  hopeless  to  expect 
to  find  in  them  traces  of  organization'. 

Since  it  is  not  our  object,  on  this  occasion,  to  enter  further  into  the  details  of 
the  structure  of  Scandinavia  than  is  essential  to  sustain  the  accuracy  of  this  our 
fundamental  view,  we  will  now  merely  offer  a  general  sketch  of  the  phaenomena  on 
which  our  inferences  are  founded. 

One  of  the  Scandinavian  features  which  first  strikes  the  ordinary  observer  with 
suq>rise,  is  the  enormous  amount  of  crystalline  rock  that  occupies  the  surface 
of  the  country.  In  the  term  Azoic  rocks,  we  include  all  the  crystalline  masses 
belonging  to  the  aucient  group  of  gneiss,  together  with  ancient  granitic  and  plu- 
tonic  rocks  by  which  they  have  been  invaded.  Those  who  wish  to  become  ac- 
quainted with  the  varied  composition  of  these  rocks,  must  consult  the  works  of 
various  authors  from  those  of  Von  Buch,  who  first  described  them  iu  Norway,  to 
those  of  Keilhau,  who  in  the  same  country  has  recently  bestowed  so  much  labour 

1  Hyi  i-rfritically.  it  may  be  said  that  this  word  might  also  be  applied  to  other  deposits  of  subsequent 
age,  in  which  the  organic  remains  are  also  obliterated,  and  thus  be  merged  with  the  Hypogene  of  Lyell. 
But  in  our  sense  the  word  azoic  is  synonymous  with  pro-zoic,  or  before  recognizable  traces  of  life.  Pro- 
fessor Phillips  has  applied  the  word  Hypozoic  to  the  same  rocks  which  we  term  Azoic. 


II 


AZOIC  ROCKS  OF  NORWAY. 


upon  them.  Occupying  the  great  bulk  of  Sweden,  they  are  there,  even  whilst  we 
write,  undergoing  an  elaborate  survey  by  several  able  mineralogists,  who  following 
the  contortions  of  each  separate  mass,  are  now  laying  down  their  outlines  on  what 
may  be  termed  a  lithological  map  of  that  highly  crystalline  country'. 

It  forms  no  part  of  our  object  to  describe  the  varied  mineral  features  of  the 
gneissosc  rocks  of  Norway,  which  extend  westward  to  the  Ocean  and  eastward 
into  Sweden.  We  may,  however,  say  that,  on  the  whole,  they  very  much  resemble 
the  ancient  gneiss  of  Scotland  and  other  countries,  and  present,  in  many  tracts,  an 
almost  infinite  succession  of  fclspathic,  quartzose,  micaceous  and  hornblendic 
lamina;,  often  highly  contorted,  but  in  which  very  determined  strikes  are  perceptible 
over  large  tracts.  They  arc  indeed  specially  distinguished  by  the  great  abundance 
of  granitic  veins  which  they  contain  ;  the  phenomena  which  the  Scottish  philo- 
sophers Hutton,  Playfair  and  their  followers  took  such  trouble  to  indicate  in  the 
isle  of  Arran  and  other  localities,  being  here  laid  bare  in  thousands  of  examples. 
So  numerous  are  the  granites,  chiefly  rose-coloured,  which  with  countless  di- 
vergent veins  penetrate  the  gneiss  in  every  direction,  that  geologists  have  usually 
given  to  the  mass  the  name  of  granitic  gneiss.  These  azoic  rocks  are  also  in- 
truded on  by  uumcrous  bosses  and  dykes  of  greenstone,  and  in  some  districts 
contain  metalliferous  veins,  including  those  of  the  celebrated  silver  mines  of 
Kongsberg  and  the  cobalt  mines  of  Modun.  All  that  we  are  now  concerned  to 
state  is,  that  the  gneissose  masses  constitute  in  themselves  the  loftiest  mountains 
of  the  whole  region,  and  that  in  numberless  sections,  whether  exposed  on  the  sea 
shores,  on  the  sides  of  the  fiords  or  in  the  interior,  they  are  seen  to  constitute  a 

1  MM.  Forsellis,  Erdman,  Franzen  and  Troilius  have  already  finished,  but  not  yet  published,  a  geo- 
logical map  of  various  province*,  including  Dalecarlia,  which  through  the  obliging  directions  of  Baron 
Bcrzclius,  wm  exhibited  and  explained  to  us  by  M.  Erdman.  Our  reader*  may  haTe  some  conception 
of  the  detailed  labour*  of  its  author*,  when  we  state,  that  granites,  gneissose  rock*,  mica  schists,  horn- 
blende rocks,  syenites,  greenstones,  jaspers,  porphyries,  &c,  as  well  as  many  varieties  of  each  of  these 
classes,  are  distinguished  on  the  map  by  different  colours  and  marks.  Not  having  examined  in  detail 
the  tracts  thus  illustrated,  wc  arc  not  able  to  say  to  what  extent  the  authors  of  this  map  have  distin- 
guished the  masses  of  azoic  age  from  certain  rnctamorphic  strata  which,  if  like  those  of  the  Chrisliania 
territory,  are  of  pahcozoic  age.  Their  "  flotz  "  limestones  and  sandstone*  are  evidently  palsrozoic,  and  for 
the  moat  part  Silurian.  The  chief  promontories  arc,  however,  occupied  by  great  bands  of  gneiss,  the 
strike  of  which  varic*  prodigiously,  and,  subjected  to  enormous  flexures,  range  in  one  district  east  and 
west,  in  another  north  and  south  with  many  intermediate  directions.  It  is  this  great  and  dominant  mass 
of  crystalline  granitic  gnei»»,  that,  according  to  our  views,  is  anterior  to  everything  to  which  the  term 
palaeozoic  can  be  applied. 
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group  of  enormous  thickness,  which,  containing  very  little  calcareous  matter,  is  in 
general  composition,  strike  and  position,  entirely  distinct  from  the  Silurian  strata 
bv  which  it  is  overlaid. 

In  Norway  these  ancient  crystalline  rocks  rise  into  mountains  and  form  the 
flanks  of  troughs  of  palaeozoic  strata,  which  have  in  their  turn  been  invaded  by 
granites,  syenites,  porphyries,  greenstone  and  trappaean  rocks  of  another  epoch. 
Let  us  take  the  territory  of  Christiania  as  an  example.  Rising  in  altitude  from 
south  to  north,  the  gneiss  there  occupies  the  rocky  and  barren  country  on  either 
side  of  the  long  fiord  of  Christiania'.  The  mass  upon  the  west  extending  from 
Christiansand  to  the  lofty  mountains  of  Bergen,  flanks  the  palaeozoic  rocks  in  a 
devious  line,  extending  from  the  marine  bay  of  Lango  Sund,  by  the  east  of  Kongs- 
berg,  and  thence  north-north-east  by  the  river  Drammen  and  the  western  sides  of 
the  lakes  of  Tyri  fiord  and  Rands  fiord.  The  eastern  gncissose  boundary  advan- 
cing from  Gottcnburg  and  Sweden  to  Friedcrickstadt,  constitutes  nearly  all  the 
eastern  rocky  shore  of  the  salt  water  fiord  of  Christiania,  and  occupying  the 
mountain  called  Egeberg  to  the  east  of  that  town,  extends  to  the  north-north-east 
by  the  eastern  side  of  the  great  lake  Miozen. 

The  palaeozoic  deposits  lie  in  a  long  trough  between  these  crystalline  masses ; 
such  general  features  being  correctly  laid  down  in  the  geological  map  of  the  terri- 
tory of  Christiania  by  Professor  Keilhau*.  Minute  details  are  here  uncalled  for, 
and  we  have  now  simply  to  state,  that  by  making  two  transverse  sections  across 
this  palaeozoic  trough  on  different  parallels,  we  found  that  although  extremely 
broken  up  and  diversified  by  various  plutonic  rocks,  and  very  much  dislocated, 
its  lower  members  consisted  of  quartzose  sandstone  and  hard  slaty  schists;  the 

'  Mr.  Murchison  seiies  with  pleasure  this  opportunity  of  expressing  his  obligations  to  his  friend  the 
Rev.  W.  Bilton.  F.G.S.,  who  repeatedly  urged  him  to  visit  Norway,  and  in  whose  attractive  piscatorial 
volumes  will  be  found  some  good  suggestions  and  many  interesting  geological  souvenirs.  ('  Two  Sum- 
mers in  Norway,'  vol.  ii.  p.  150.) 

«  A  sketch  of  the  |mlseozoic  succession  from  the  lowest  Silurian  to  the  Old  Red  Sandstone  inclusive, 
as  exhibited  in  the  southern  parts  of  Norway,  was  read  by  Mr.  Murchison  before  the  General  Meeting  of 
Scandinavian  philosophers,  held  at  Christiania,  July  1844,  and  has,  we  believe,  been  published  by  them 
in  their  volume  with  an  explanatory  woodcut  (essentially  the  same  as  that  which  we  give  at  p.  13). 
After  traversing  Sweden  in  the  same  summer  and  arriving  at  St.  Pctersburgh,  Mr.  Murchison  there  read 
before  the  Imperial  Mincrological  Society  of  that  Metropolis,  a  brief  outline  of  his  general  views  respect- 
ing the  relations  of  the  Silurian  rocks  of  Sweden  and  Gothland  to  those  of  Russia  with  which  he  was 
previously  acquainted.  These  ideas  are  now  essentially  embodied  in  the  text,  and  more  detailed  de- 
scriptions have  been  given  by  Mr.  Murchison  to  the  Geological  Society  of  London. 
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former  visible  in  some  tracts  only,  as  at  Yigersund  on  the  Dratnmen,  the  latter 
being  the  well-known  tucoid  alum  shale  of  the  country  and  forming  the  prevalent 
base  in  the  Christiania  fiord.  These  lowest  strata  are  surmounted  by  black  lime- 
stones and  shale  charged  with  fossils,  which  leave  no  doubt  that  the  inferior 
group  represents  the  Lower  Silurian  rocks  of  the  British  Isles. 

Amid  a  profusion  of  Trilobites,  some  of  which  are  of  new  species  and  have  been 
named,  but  not  figured  by  Dr.  Boeck1,  we  find  in  the  inferior  member  of  the  series 
(the  lowest  beds  of  which  contain  fucoids),  the  genera  Battus  or  Agnostus  (with 
Paradoxides  or  Olenus)  ;  and  in  other  beds  Trinucleus  Curactaci,  Asaphus  Buchii 
and  A.  tyrannus,  with  various  Orthoceratites  and  other  chambered  shells,  and  some 
Orthida:,  including  the  O.  alternata  and  0.  virgata  ;  all  forms  highly  characteristic 
of  the  Lower  Silurian  rocks  in  the  British  Isles.  With  the  latter  are  associated 
and  in  still  greater  abundance,  the  IUeenus  crassicauda*,  Asaphus  expanses  and  Chte- 
tetes  [Fatosites) Petropolitanus,  Orthoceratites  duplex,  and  certain  remarkable  cir- 
cular bodies  related  to  Crinoidca,  the  Spfueroniles  aurantium,  all  of  which  specially 
distinguish  the  Lower  Silurian  rocks  of  Sweden  and  Russia     As  a  whole,  these 

1  Of  the  forty-eight  species  of  Trilohitcs  (exclusive  of  a  Battus)  enumerated  by  Dr.  Boeck.  many  of 
them,  it  must  he  stated,  are  named  from  mere  fragments,  which  circumstance,  skilful  naturalist  as  he  it, 
render  the  number  of  true  and  distinct  species  doubtful.  Without  distinguishing  the  genera  (and  we 
agree  with  him  that  many  of  the  generic  distinctions  hitherto  proposed  are  obscure  and  evanescent),  he 
ranges,  however,  certain  forms  around  eommou  types.  Judging  frum  bis  own  description  and  the  fossils 
we  examined  in  the  museum  of  Christiania,  we  should  say,  that  his  species,  Trilohile*  elliptic**  and 
T.  elegant,  are  what  we  should  call  varieties  of  Calymmr  macropkthalma  and  C.  variolaris,  which  with 
Ataphus  caudatus,  T.  semilunaris  (Esmk.),  Calymene  lilumeabaekii  and  its  varieties  are  characteristic  of  the 
Upper  Silurian  strata  which  arc  seen  in  the  Isles  of  Maluioc  and  Maltnoe-kalv,  Long  Ocn,  Holmcstrand, 
&c.  All  the  other  Trilobites  cited  by  Boeck,  of  which  the  Illeenus  crassicauda  is  by  far  the  most  abun- 
dant, belong  to  the  Lower  Silurian  group,  wherein  also  occur  the  Asaphus  erpanstts,  four  species  of  Tri- 
nurlei,  and  the  forms  which  range  round  Asaphus  Btichii  and  A.  tyrannus,  similar,  indeed,  to  varieties  with 
which  we  are  perfectly  familiar  in  Wales ;  together  with  several  published  Swedish  species  of  Dalman, 


i»  identical  with  the  /.  crassicauda.  This  species  has  been  found  in  the  Lower  Silurian  rocks  of  Wulcs, 
*ince  Mr.  Murchison's  work  was  written,  by  Mr.  Sharpe,  Prof.  Sedgwick,  and  the  officers  of  the  Ordnance 
Geological  Survey.  The  coral  Cluctetes  (Favosites)  Petropolitanus,  so  very  characteristic  of  the  Lower 
Silurian  of  Russia,  has  also  been  detected  by  Prof.  Sedgwick  in  the  older  strata  of  North  Wales.  This 
and  other  facta,  showing  the  identity  between  the  Silurian  system  of  Great  Britain  and  Scandinavia,  have 
been  made  known  for  the  first  time  by  comparing  the  fossils  we  brought  back  from  Norway,  Swcdcu  and 
Russia,  with  those  collected  by  Professor  Sedgwick  and  described  by  MM.  Sowerby  and  Salter  (see  Table. 
Journal  of  the  Geol.  Soc.  vol.  i.  facing  p.  20).  The  other  results  of  the  comparison  of  other  species 
brought  by  us  from  Scandinavia,  with  the  Upper  Silurian  British  types,  will  be  spoken  of  in  the  sequel. 
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Lower  Silurian  rocks  of  Norway  have  very  little  of  the  arenaceous  character  which 
the  same  group  assumes  in  certain  tracts  of  Britain,  but  are  most  analogous  to  the 
schists  and  calcareous  flags  of  Llandeilo,  where  those  masses  have  not  assumed  a 
slaty  structure.  Tins  lower  division  is  overlaid  by  shales  and  massive  coralline 
limestones  containing  many  of  the  typical  species  of  the  Wenlock  limestone  in  the 
British  Isles,  and  these  again  by  calcareous  flagstones  and  schists  which  from  their 
fossils  and  position  may  be  taken  to  represent  the  Ludlow  rocks. 

Though  packed  into  a  narrow  band  of  no  great  vertical  dimensions,  the  Silu- 
rian strata  of  Norway  are  thus  clearly  divisible  into  an  upper  and  lower  group. 
These  groups  are  further  separated  from  each  other  by  a  limestone  loaded  with 
Pentamerut  oblongus,  which  fossil,  occupying  exactly  the  same  place  in  the  Wool- 
hope  or  Horderley  limestone  of  the  British  Isles,  and  lying  between  the  two,  may 
thus,  according  to  the  natural  features  and  prevailing  fossils  of  each  country,  be 
classed  either  as  the  base  of  the  Upper  Silurian  rocks  or  as  the  uppermost  bed  of 
the  Lower.  The  Upper  Silurian  group  is  distinguished  by  the  Catenipora  escha- 
roides,  C.  labyrinthica,  and  many  other  typical  species  of  corals,  as  well  as  by  a 
multitude  of  shells,  among  which  are  many  which  occur  in  rocks  of  the  same  age, 
both  in  the  British  Isles  and  in  the  Isle  of  Gothland. 

In  truth,  no  English  geologist  acquainted  with  the  organic  contents  of  the  Wen- 
lock  limestone  can  view  the  little  isles  of  Malmoe  Oen  and  Malmoe  Kalv  in  the 
bay  of  Christiania  (which  we  examined  in  company  with  M.  Leopold  Von  Buch'), 
and  see  in  them  the  Calymetu  Blumenbachii,  C.  macrophthalma,  C.  variolari*,  and 
other  Trilobites  associated  with  the  Leptana  depressa,  L.  euglypha,  Terebratula  reti- 
cularis, and  many  corals  most  familiar  to  him,  without  at  once  recognising  in  the 
upper  strata  the  distinct  representative  of  that  British  formation*. 

•  This  eminent  geologist  was,  like  ourselves,  at  the  Christiauia  meeting  of  Scandinavian  saranta  of  1 844. 

*  We  do  not  here  note  all  the  corals  and  shells  which  are  common  to  the  Upper  Silurian  of  Norway 
and  Britain,  became  the  Gothland  list,  afterwards  given,  may  be  taken  aa  the  best  sample  of  the  identity 
of  the  formations  in  Britain  and  Scandinavia.  We  cannot,  however,  avoid  noting,  that  besides  the  usual 
Upper  Silurian  brachiopods,  we  procured  from  M.  Keilhau  a  specimen  of  the  Xucvla  cingulata  (His.),  which 
proves  to  be  identical  with  a  shell  which  we  had  long  ago  obtained  from  Dudley,  but  which  Mr.  James 
Sowerby,  unable  perfectly  to  satisfy  his  mind  concerning  its  relations,  had  refrained  from  describing  in 
our  former  work  on  the  Silurian  System.  It  is  further  worthy  of  remark,  that  this  shell,  so  rare  at 
Dudley,  has  recently  been  discovered  pretty  plentifully  by  Mr.  Sharpc,  IVofcssor  Sedgwick  and  Professor 
Phillips  in  the  Upper  Silurian  rocks  of  Westmoreland,  near  Kendal,  and  is  there  associated  with  Upttna 
depretsa,  Cypricardia,  &c.  We  thus  see  the  value  of  not  omitting  considerations  of  minute  pal«eontolo. 
gical  detail,  since  a  shell  extremely  rare  in  one  region  may  thus  become  a  type  of  the  same  epoch  in 
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These  Lower  and  Upper  Silurian  rocks  constitute  one  inse- 
parable and  closely  connected  system.  Their  highest  member, 
composed  of  calcareous  flagstones  containing  the  Leptecna  lata,  a 
peculiar  Spirifer  and  a  shell  closely  allied  to  Terebratula  Wilsoni, 
is  clearly  overlaid  in  the  mountainous  tracts  called  Ringerigge, 
to  the  west  of  Christiania,  by  red  quartzose  sandstone  and  shale, 
that  forms  a  deposit  of  great  thickness  (perhaps  1000  feet)  litho- 
logically  undistinguishable  from  the  Old  Red  Sandstone  of  the 
British  Isles,  its  summit  being  composed  of  a  conglomerate  as  in 
the  Herefordshire,  Salop,  &c.  In  the  course  of  a  rapid  survey, 
we  thus  obtained  evidence  of  a  succession  from  Lower  through 
Upper  Silurian  to  the  Old  Red  Sandstone  inclusive.  In  a  word, 
the  latter  formation,  with  great  tabular  masses  of  porphyry,  is 
thus  separated  from  the  ancient  gneiss  on  either  side,  and  occu- 
pies a  lofty  tract  in  the  centre  of  the  trough,  having  the  Christiania 
fiord  on  one  side,  and  the  Steens  fiord  and  Drammen  on  the  other, 
both  of  which  depressions  arc  filled  with  the  Silurian  rocks  in 
question  (see  woodcut  and  note  1). 

In  the  Steens  fiord,  whither  we  first  went  in  the  company  of 
Professor  Keilhau  and  afterwards  with  Professor  Forchhammcr, 
we  were,  indeed,  truly  delighted  to  perceive  the  great  symmetry 
with  which  the  Upper  Silurian  flagstones  and  tilestones",  per- 

1  Explanation  of  the  woodcut : — 

Old  Red  Sandstone — e.  Rod  sandstone  and  conglomerate. 

{d.  Calcareous  flagstones,  &c. 
c.  Coralline  limestone  and  shale. 

{b.  Pentamerus  limestone. 
a.  Schists,  flags,  and  lower  sandstone, 
o.  Aioic  or  gneissose  rocks,  with  old  granite,  greenstone,  &c. 

{p.  Rhombic  porphyry  in  the  Old  Red  Sandstone. 
I.  Eruptive  and  trappseon  rocks  of  various  characters. 
«  Mr.  Murehison  takes  this  opportunity  of  acquainting  geologists  who  may  not 
attended  to  the  successive  development  of  his  ideas  on  classification,  that 
i  red  tilestones  at  the  base  of  the  Old  Red  Sandstone  of  England,  which  from 
>  classed  with  that  formation,  he  has  for  some  years  con- 
sidered as  forming,  together  with  the  bonc-bed,  the  uppermost  stage  of  the  Silurian 
rocks.  (Anniversary  Discourse,  Proc.  Geol.  Soc.  vol.  iii.)  He  hod,  indeed,  from  the 
first  described  these  beds  as  being  charged  with  Upper  Ludlow  fossils  (see  ! 
System,  pp.  192,  602). 


Upper  Silurian 
Lowtt  Silurian 
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fectly  identical  in  aspect  with  those  of  Shropshire  and  Herefordshire,  rise  out  from 
beneath  the  great  mass  of  Old  Red  Sandstone  of  Ringerigge  and  Krokleven.  In 
carrying  the  same  section  across  to  the  gneiss  range  on  the  west  bank  of  the  river 
Drammen,  the  upper  and  calcareous  coralline  formation  is  separated  from  the  black 
Lower  Silurian  flags,  by  the  same  limestone  with  Pentamerus  oblongus,  which  forms 
the  intermediate  bed  between  the  Upper  and  Lower  Silurian  in  many  tracts  of  the 
British  Isles.  These  very  clear  general  relations  are  illustrated  in  the  accompany, 
ing  woodcut. 

But  whilst  we  thus  speak  of  the  undoubted  parallel,  which,  from  practice  in 
detecting  the  equivalents  of  rocks  of  this  age,  we  have  been  able  to  establish 
between  the  different  members  of  the  Silurian  rocks  of  Norway  and  those  of  the 
British  Isles,  we  must  admit,  that  in  many  parts,  particularly  on  the  sides  of  the 
bays  of  Christiania  and  Drammen,  they  are  so  perforated  by  eruptive  rocks  of 
posterior  age,  that,  except  in  such  very  typical  localities  as  those  of  Steens  fiord 
and  Krokleven,  which  appear  to  the  left  of  the  accompanying  woodcut,  it  is  diffi- 
cult to  distinguish  a  clear  order  of  superposition  ;  so  much  are  the  strata  thrown 
into  undulations.  These  intrusive  rocks  (0,  whose  characters  and  the  effects  they 
produced  upon  the  strata  they  have  invaded  were  long  ago  described  by  M.  von 
Buch,  consist  of  granites,  syenites,  porphyries  (including  the  hyperite  of  that 
author),  greenstones,  amygdaloids,  &c.' 

Perfectly  distinct  from  the  older  granitic  rock6  associated  with  the  gneiss,  these 
eruptive  masses  are  now  demonstrated  by  our  observations  to  be  of  younger  age 
than  the  Old  Red  Sandstone,  and  they,  therefore,  play  the  same  part  in  geological 
history  as  great  masses  of  the  trappean  rocks  of  English  authors.  Whether  they 
can  be  divided  into  two  groups  of  different  age  protruded  at  different  periods  to 
the  surface  is  more  than  our  limited  time  enabled  us  positively  to  determine ;  but 
it  may  be  remarked,  that,  with  the  apparent  exception  of  the  large  crystalled  por- 
phyry of  Ringerigge  (p  of  woodcut  and  rhomb-porphyr  of  Von  Buch),  we  nowhere 
saw  any  of  those  contemporaneous  porphyries,  greenstones,  and  other  stratified 
igneous  masses  which  are  so  abundantly  interlaminated  with  the  Silurian  rocks 
(particularly  the  lower)  throughout  large  districts  in  the  British  Isles,  where  in 
expanding  such  deposits  they  often  necessarily  obliterate  the  organic  remains,  and 

1  The  render  may  form  hi*  idea  of  these  intrusions  from  the  representation  on  a  small  scale  towards 
the  right-hand  side  of  the  woodcut,  though  it  is  not  pretended  that  the  lection  (woodcut,  p.  13)  exhibit* 
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give  to  the  sedimentary  masses  a  peculiar  and  subcrystalline  character.  Of  such 
eruptive  rocks  contemporaneous  with  the  Silurian  and  older  palaeozoic  strata,  we 
shall,  however,  hereafter  treat  in  describing  the  Ural  Mountains.  Here  we  simply 
note  their  absence,  as  accounting,  in  some  measure,  for  the  small  vertical  dimen- 
sions of  the  Silurian  formations  of  Norway  which  have  evidently  been  accumulated 
in  a  sea  that  has  been  exempted  from  those  contemporary  igneous  evolutions,  which 
in  many  other  tracts,  have  naturally  tended  to  swell  the  thickness  of  the  ancient 
formations. 

The  mineral  changes  however  produced  by  the  eruptive  rocks  upon  the  Silurian 
beds  of  Norway  are,  indeed,  as  beautiful  and  striking  as  in  any  region  that  we  ever 
examined.  Thus  in  the  tracts  north-west  of  the  Steens  fiord  and  in  the  Solvsberg, 
where  igneous  rocks  protrude,  it  may  be  said,  that  the  black  shales  (Lower  Silu- 
rian) are  changed  into  hard  subcrystalline  schists  (the  Harte  Schiefer  of  Keilhau, 
or  Kiesel  Schiefer  of  the  Germans)  ;  but  however  altered,  the  original  character 
of  the  st  nit  urn  is  discernible,  and  fossils  are  found  in  it  at  intervals.  On  the  left 
bank  of  the  Drammen,  opposite  Vigersund,  a  lower  fucoid  sandstone  in  contact 
with  greenstone  becomes  a  quartz  rock.  At  the  town  of  Drammen,  eruptive 
rocks  of  granite  and  greenstone,  apparently  passing  into  each  other,  exhibit  in  the 
adjacent  escarpments  fragments  of  highly  altered  micaceous  red  sandstone  (Old 
Red)  and  Lydian  stone,  surmounted  by  and  included  among  amygdaloids.  At 
Djelcbeck  or  Jelebeck,  to  the  north  of  Drammen,  granite  forming  the  hill  called 
Paratlis-backen,  throws  off  the  Pentamerus  limestone,  which  though  metamorphosed 
into  a  saccharoid  marble  and  charged  with  garnets  in  the  neighbourhood  of  the 
granite,  becomes  less  and  less  altered  as  it  recedes  from  that  rock,  and  then  con- 
tains its  usual  fossils'. 

Following  the  same  bands  of  younger  granitic  and  porphyritic  rocks  to  the 
south,  they  are  seen  to  spread  out  and  occupy  nearly  the  whole  of  the  southern 
portion  of  the  palaeozoic  basin,  crowning  considerable  heights,  and  extending  into 
the  promontories  on  either  side  of  Laurvig  and  Fredricksvarn.    There  they  form 

1  We  examined  thU  altered  rock  with  our  friend  Professor  Forchhammer,  who  thus  writes  of  it :— "  This 
impure  limestone  contains,  besides  carbonate  of  lime,  some  carbonate  of  magnesia,  alumina,  oxide  of  iron 
and  silica.  The  compact  carbonate  of  lime  has  assumed  a  granular  form  and  has  become  white  marble  ■ 
the  magnesia  has  lost  its  carbonic  acid,  and  has  combined  with  lime  and  silica  to  form  the  mineral  tremo- 
lite ;  and  the  oxide  of  iron  has  combined  with  alumina,  lime  and  silica,  to  form  greenish  and  beautifully 
cry  t  .lli.  '-d  garnets."— Trans.  Brit.  Assoc.  for  1844,  p.  165. 


SILURIAN  ROCKS  OF  SWEDEN. 


14* 


nearly  the  whole  of  a  crystalline  country  like  Cornwall',  in  which  the  eruptive 
rocks  constituting  the  chief  masses  have  left  mere  remnants  only  of  the  palaeozoic 
rocks  at  a  few  places  on  the  flanks.  The  knolls  around  Fredricksviim  arc,  in 
truth,  quite  analogous  to  many  Cornish  granitic  bills  which  have  been  shown 
similarly  to  penetrate  strata  chiefly  of  the  age  of  the  Old  Red  Sandstone,  &c\ 

But  to  return  to  the  metamorphosed  Silurian  strata :  we  lastly  observed,  in  com- 
pany with  Professor  Forchhammer,  that  at  the  foot  of  the  Egeberg  near  Christiania, 
where  the  Lower  Silurian  alum-slate  is  pierced  by  greenstone,  it  is  converted  into 
a  micaceous,  quartzose,  crystalline  rock,  to  a  considerable  extent  resembling  tbe 
old  gneiss  of  the  adjacent  mountain.  Here,  however,  as  in  another  example  at 
the  fortress  of  Christiania,  and  in  every  other  case  where  true  palaeozoic  strata  have 
been  transmuted  by  igneous  agency,  the  observer  can  follow  the  beds  from  the 
points  of  contact  where  they  are  crystalline,  until  receding  from  the  disturbance, 
the  strata,  as  they  unfold,  first  appear  as  mere  indurated,  black  and  contorted 
schists,  and  then  passing  in  a  short  space  into  the  dark  and  calcareous  Silurian 
shale  of  the  bay,  are  overlapped  by  its  fossiliferous  limestones *. 

Developing  elsewhere  more  precisely  the  nature  of  these  phenomena  of  mcta- 

1  The  granitic  rock  of  Frcdricksvarn  with  its  zircons  is  a  beautiful  crystalline  rock  loaded  with  mine- 
rals, including  magnetic  iron  ore  and  labrador  felspar,  with  the  new  species  Polymenite,  Illteolilc,  &c. 
When  treating  of  the  Ural  Mountains,  we  shall  have  occasion  to  express  a  wish  that  distinctive  terms 
should  be  given  to  eruptive  rocks  of  age  posterior  to  the  palaeozoic  strata,  in  order  to  distinguish  them 
from  the  older  granites  associated  with  gneiss.  Foreign  geologists  naturally  enough  object  to  the  use 
of  the  word  truppcan  as  sometimes  applied  to  the  newer  group,  which  in  truth  includes  granites ;  and  as 
syenite,  in  its  strict  mineral  ogicol  sense,  as  well  as  greenstone,  occurs  in  the  older  plutonic  division  also, 
it  is  clear  that  some  term  should  be  adopted  to  mark  the  age  of  the  eruption  of  each  class,  since  there  are 
granites  and  syenites  of  different  ages.  We  might  venture  to  suggest  for  this  purpose  such  names  a* 
Proto-plutonic,  PaUto-plutonic,  &c,  which,  if  approved,  might  be  extended  to  Mt:o-ptutonic,  &c,  as  more 
precisely  denning  the  age  of  eruption  than  the  terms  hitherto  used.  In  our  general  Map,  PI.  VI.,  all  these 
younger  granites  younger  than  the  azoic  rocks  are  necessarily  grouped  under  one  colour  and  letter.  In 
the  Map,  however,  of  the  Ural  Mountains,  the  granites  arc  distinguished  from  the  greenstones  and  ser- 
pentines by  separate  marks. 

«  Since  the  publication  of  various  memoirs  by  Professor  Sedgwick  and  Mr.  Murchison.  Sir  H.  T. 
De  la  Beche  and  Professor  Phillips  (including  the  work  on  palaeozoic  fossils  of  the  last-mentioned  author) 
certain  fossil  remains,  supposed  to  be  Silurian,  have  been  discovered  in  Cornwall  by  Mr.  Peach  and  other 
persons.  (See  Ann.  Report  Roy.  Oeol.  Soc.  of  Cornwall,  1844,  p.  7.) 

*  A  memoir  by  Mr.  Murchison,  containing  more  detailed  views  on  the  structure  of  Norway  and  Sweden, 
has  been  communicated  to  the  Geological  Society  of  London,  in  which  it  was  shown  how  the  able  memoir 
by  Professor  Forchhammer  on  the  chemical  changes  from  fucoid  schists  into  gneiss-like  rocks  bears  ujwn 
our  views.  (See  Report  to  the  British  Association  for  the  Advancement  of  Science,  1844,  p.  155.) 
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morphism,  we  now  allude  to  them  merely  to  show,  that  although  quite  alive  to 
their  value  (and  our  account  of  the  Ural  chain  will,  we  trust,  sufficiently  prove 
this),  we  still  see  a  clear  distinction  between  such  paleozoic  changes  and  a  pre- 
vious metamorphism  of  the  azoic  rocks. 

But  if  the  examination  of  Norway  alone  sufficed  to  lead  us  to  entertain  this  opi- 
nion, we  were  still  more  fortified  in  it  by  the  survey  of  Sweden,  to  the  considera- 
tion of  which  we  now  proceed. 

Silurian  Rocks  of  Sweden  and  their  relations  to  the  older  Crystalline  Rocks. — In 
the  following  short  outline  of  some  prominent  features  of  the  geology  of  Sweden, 
we  will  first  describe  the  relations  of  the  Lower  Silurian  group  to  the  subjacent 
crystalline  rocks,  as  they  appeared  to  us  in  a  traverse  from  Gottenburg  to  Stock- 
holm1, and  will  afterwards  advert  to  the  fossiliferous  distinctions  of  the  Upper 
Silurian  group  of  Gothland. 

In  the  hills  of  Hollaberg  and  Hunneberg,  to  the  east  of  the  Falls  of  Trollh<rttcn, 
which  are  covered  by  a  thick  mass  of  trap  rock  (basaltic  greenstone),  one  subordi- 
nate member  only  of  the  Silurian  scries  is  visible,  namely,  the  alum-slate ;  but  no  one 
who  knows  from  numerous  other  sections,  that  this  band  is  very  near  the  Silurian 
base,  can  glance  his  eye  over  the  lower  adjacent  lands,  all  composed  of  gneiss  and 
granitic  rocks,  or  look  up  from  the  latter  as  they  appear  on  the  banks  of  the 
river,  near  the  Falls  of  TrolIha?tten,  without  being  convinced,  that  the  horizontal 
band  of  black  schistose  Silurian  rock  lies  above  the  crystalline  granitic  rocks  of 
the  low  country,  though  the  absolute  junction  of  the  two  is  hidden  by  a  talus  of 
detritus. 

Advancing  to  the  next  Silurian  oasis  at  Kinnckulle  and  the  hills  of  Billingen, 
the  same  general  relations,  of  a  low  surrounding  country  of  gneiss  and  granite,  to 
high  tabular  plateaux  of  horizontal  Silurian  strata,  usually  capped  by  trap,  present 
themselves  to  the  traveller.  In  ascending  the  hills  of  Kinnekulle,  from  the  flat 
gneissose  country  of  Lidkoping,  he  is  no  sooner  above  the  low  level  of  those  crystal- 
line rocks,  than  he  meets  with  a  terrace  composed  of  quartzose  sandstone,  already 
mentioned  as  frequently  forming  the  lowest  Silurian  stratum  in  Scandinavia.  This 
rock,  here  arranged  in  beds  from  a  few  inches  to  a  foot  and  a  half  thick,  is  light- 

>  In  tbia  journey  Mr.  Murchison  was  accompanied  by  that  excellent  naturalist,  Professor  Loven  of 
Stockholm,  through  whose  acquaintance  with  the  country,  and  references  to  the  works  and  map  of  Hi- 
singer,  it  was  easy  to  select  the  points  for  examination  by  which  the  question  of  true  protozoic  succession 
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grey,  whitish  and  fine-grained,  in  parts  freckled  with  ferruginous  stains,  and 
assumes,  at  intervals,  a  quartzose  character,  with  divisions  of  chloritic  shale.  Its 
lowest  beds,  or  those  which,  as  we  shall  presently  show,  rest  upon  the  adjacent 
gneiss  of  the  valleys,  are  not  here  visible,  owing  to  a  talus  of  detritus,  but  in  those 
which  are  visible,  we  found  branching,  fucoid-like  bodies.  This  sandstone  is,  in 
fact,  seen  to  constitute  the  prevalent  base  of  all  the  Silurian  strata,  and  in  the  hill 
of  Kinnekulle  is  surmounted,  first,  by  the  black  alum  schist  and  limestone  ;  next 
by  red  Orthoceratite  limestone;  and,  lastly,  by  Graptolite  schists  with  some 
calcareous  courses  and  Orthoceratites.  Though  irregularly  denuded  over  a  very 
considerable  area,  the  Orthoceratite  limestone  (c)  of  the  following  woodcut  occu- 
pies a  prominent  step  on  the  sides  of  the  plateau,  and  standing  out  high  above 
the  surrounding  gneiss,  is  in  its  turn  covered  by  black  schists  (d),  through  which 
a  point  of  basaltic  trap  (r)  has  pierced,  occupying  only  a  small  upper  portion  of 
the  central  part  of  the  tract.  In  descending  from  this  summit  (whereon  a  few 
northern  erratics  occur),  we  were  much  struck  with  the  perfect  symmetry  of  the 
Lower  Silurian  beds.  To  the  north,  or  on  the  side  of  the  Weucrn  lake,  the 
crystalline  and  gneissose  rocks  being  in  a  depression,  the  fucoid  sandstone 
ranges  down  to  the  water-edge,  surmounted  by  the  alum-slates,  but  as  you  pass 
over  the  hill  of  Kinnekulle  to  the  hamlet  of  Liet,  upon  its  south-eastern  face, 
the  gneiss  is  again  seen  to  present  exactly  the  same  inferior  relations  to  the 
lower  sandstone  as  on  the  western  side.  At  this  spot,  as  here  represented,  the 
section  is  much  more  clear  and  explicit.  The  Orthoceratite  limestone  (c)  is 
strikingly  developed  by  extensive  quarries,  which  form  the  first  great  steppe-like 


terrace  between  the  basalt-capped  schists  (d)  above  and  the  low  country  of  gneiss 
beneath.  Descending  from  these  limestones  (in  which  we  found  fine  specimens  of 
Asaphus  tyrannus,  A.  expansus  and  Ul&nw  crassicauda,  besides  numerous  Ortho- 
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ceratites),  and  passing  over  the  beds  of  alum-slate  and  black  limestone  (i),  with 
their  Trinuclei,  Paradoxides  or  Olenus,  Agnosti,  &c.,  the  fucoid  sandstone  (a)  is 
there  seen  in  horizontal  masses,  perfectly  conformable  to  all  the  overlying  strata, 
and  distinctly  superposed  to  the  gneiss  below  (o).  For,  though  the  absolute  junc- 
tion of  the  sandstone  and  gneiss  is  not  seen,  the  two  rocks  are  within  a  hundred 
paces  of  each  other,  and  without  the  slightest  indication  of  any  other  substance 
between  them.  Now  the  gneiss  is  here  not  merely  in  a  lower  position  than  the 
contiguous  sandstone,  but,  besides  its  crystalline  structure,  is  at  once  seen  to 
belong  to  rocks  of  an  entirely  different  class,  and  to  be  quite  independent  of  the 
overlying  Silurian  formation.  In  short,  the  one  must  have  assumed  its  direction 
and  structure  before  the  other  was  accumulated.  Denuded  in  large  rounded  pro- 
tuberant bosses,  the  gneiss,  as  laid  bare  in  numerous  places,  consists  of  fine  alter- 
nating layers  of  felspatbic  and  quartzose,  black,  white  and  pink  colours,  which 
having  a  strike  that  varies  from  magnetic  north  and  south  to  north-west  and 
south-east,  are  either  vertical,  or  dip  at  angles  of  70°  and  80°  to  the  east  or  west. 

In  offering  the  above  woodcut  to  explain  these  relations,  we  apprehend  that  we 
have  already  said  enough  to  convince  our  readers,  that  the  gneiss,  including  many 
varieties  to  which  it  is  not  now  our  intention  to  allude,  must  be  considered  the  fun- 
damental rock  of  Sweden,  which  existed  and  was  even  highly  inclined,  contorted 
and  crystallized  before  the  very  lowest  Silurian  beds  began  to  be  formed. 

But  if,  after  examining  the  section  of  Kinnekulle,  we  could  have  entertained  any 
doubt  on  this  point,  it  would  have  been  dispelled  by  what  we  saw  in  other  locali- 
ties, where  the  lowest  of  the  Silurian  or  protozoic  strata  are  not  only  absolutely 
superimposed  on  the  granitic  gneiss,  but  are  proved  to  have  been  derived  from  it, 
and  composed  of  its  very  materials.  We  saw  the  first  example  of  this  phenomenon 
at  Lugnos,  near  the  northern  end  of  the  Billingcn  Hills,  where  the  Lower  Silurian 
beds  (as  at  Kinnekulle),  being  deprived  of  their  cover  of  basalt,  which  has  pro- 
tected them  from  denudation  over  a  considerable  area  to  the  south,  are  worn  down, 
so  as  only  to  exhibit  their  lowest  portion,  the  alum-slate  (&)  being  partially  visible 
above  the  slopes  of  the  rising  ground,  and  the  fucoid  sandstone  (a)  lying  beneath 
it,  as  expressed  in  this  section. 

lugnos.  iii. 

8.      Kmeic  bloHu.  K. 
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Here,  at  least,  there  can  be  uo  ambiguity  ;  tor  the  whole  of  the  adjacent  low 
tract  is  composed  of  rolling  hillocks  of  granite  or  granitic  gneiss,  which  assume 
exactly  that  appearance  of  bell-shaped  masses,  so  happily  illustrated  by  M.  von 
Buch1,  and  which  we  have  endeavoured  to  represent  in  the  preceding  woodcut. 

In  one  spot,  we  traced  the  granitic  gneiss  to  within  a  few  yards  of  certain  quarries 
a  little  above  it  which  have  been  largely  worked  for  millstones.  The  upper  beds, 
consisting  of  sandstones  like  those  to  which  we  have  previously  alluded,  alternate 
with  greenish-grey  shale  j  but  in  passing  downwards  they  become  a  hard,  dark- 
grey,  ferruginous  and  siliceous  grit,  beneath  which  is  the  band  worked  for  mill- 
stones. The  latter  (a'  of  the  preceding  woodcut)  is,  in  truth,  nothing  but  a  pink- 
coloured,  recomposed  granite  or  granitic  gneiss,  in  which  the  felspar  and  quartz  are 
aggregated  into  a  mass  completely  resembling  the  Arkose  of  Brongniart.  Though 
here  evidently  constituting  the  true  base  of  the  Silurian  system,  this  rock,  resting 
on  the  granitic  gneiss  of  Sweden,  could  scarcely  be  distinguished  in  mineral  cha- 
racters from  an  Arkose  of  tertiary  age  in  Central  France,  which  we  saw  many 
years  ago ;  so  essentially  do  sedimentary  rocks  of  different  age  resemble  each 
other  when  constructed  out  of  similar  crystalline  materials'.  (See  Lyell  and 
Murchison,  Ann.  des  Sciences  Naturellcs,  Oct.  1629.) 

Again,  in  exploring  the  eastern  shore  of  the  great  Wettern  Lake,  to  the  south  of 
Wadstena,  among  the  phenomena  of  great  interest  to  which  we  shall  elsewhere 
advert,  we  found  that  along  the  steep  shores  of  the  Ombcrg,  one  of  the  few  hills 
in  Southern  Sweden  where  the  granitic  gneiss  occupies  a  tract  of  any  considerable 

1  We  know  of  no  more  instructive  or  truly  original  description  of  the  structure  and  form  of  granitoid 
rocks  than  that  which  is  embraced  in  Baron  Leopold  von  Buch's  recent  memoir  in  the  Transactions  of 
the  Berlin  Academy  of  Science*,  1 842.  We  have  also  great  pleasure  in  saying,  that  we  think  it  is  probable 
that  the  striation  of  granitic  rocks  may  in  som*  instances  be  referred  (as  M.  von  Buch  suggests)  to  the 
friction  by  the  movement  of  overlying  masses  over  underlying  domes  of  granite  as  resulting  from  struc. 
tural  conditions.    (Sec  pp.  540  et  $eq.) 

*  Professor  Loven  called  our  attention  to  a  parage  in  the  Swedish  works  of  Hisingcr,  wherein  that 
geologist  describes  these  millstone  quarries,  though  in  his  time  they  were  probably  not  worked  down  to 
so  low  a  level  as  at  present.  We  may  further  state,  that  this  author's  maps  and  sections  of  the  strata  of 
Billingen,  as  well  as  of  Kinnckulle  (ull  Lower  Silurian),  are  very  faithful.  On  visiting  Lugnoa,  we  found 
that  the  millstones  were  split  off  by  horizontal  fractures  from  vertical  cylindrical  columns,  cat  out  of  the 
hard  arkose;  and  it  is  worthy  of  remark,  that  in  its  separation,  this  regenerated  rock  flakes  off  with  a 
surface  more  or  less  raised  in  the  centre,  as  if  imitating  the  subjacent  crystalline  mass,  from  which  it  has 
been  derived.  See  the  opposite  woodcut,  in  which  the  granitic  rock  is  seen  to  exfoliate  in  *itu,  leaving 
detached  spheroidal  fragments  of  its  surface,  and  thus  forming  the  commencement  of  the /eUen-meer  of 
M.  von  Buch 
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height,  the  relations  of  the  Lower  Silurian  strata  are,  if  possible,  still  more  strongly 
indicative  of  their  having  been  derived  from  the  adjacent  pre-existing  crystalline 
rocks.  Details  of  these  features  would  be  here  misplaced,  and  we  shall  therefore 
offer  a  few  words  only  upon  them. 

The  Orthoceratite  limestone  is  largely  quarried  at  the  village  of  Borghamm,  near 
the  northern  end  of  the  Omberg ;  but  by  coasting  that  mountain  in  a  boat  along 
its  western  face,  the  granitic  rock  of  which  it  is  composed,  is  seen  to  occupy  the 
whole  surface  for  some  distance,  in  cliffs  rising  to  400  or  500  feet  above  the  lake. 
In  about  a  mile,  however,  broken  masses  of  the  Lower  Silurian  rocks  (b  and  <•) 
occur  in  nearly  vertical  positions,  plastered  as  it  were  against  the  great  wall  of 
crystalline  rock  (o),  as  represented  in  this  sectional  drawing.    Still  further  on,  or 

THE  OMBERU.  -2*. 


southwards,  the  chief  mass  of  granitic  gneiss  retires  somewhat  inland,  laying  open 
combs  upon  its  inclined  surface,  and  in  these  are  very  considerable  masses  of  Lower 
Silurian  strata  with  an  occasional  Orthoceratite,  but  with  little  calcareous  matter 
and  few  fossils.  These  strata  occupy  a  considerable  thickness,  both  in  a  slightly 
inclined,  almost  horizontal  terrace, and  also  in  vertical  and  highly  inclined  positions, 
as  represented  in  the  above  woodcut.  The  inclined  strata  <&  and  r)  are  chiefly 
composed  of  soft  argillaceous  shale  entirely  unaltered,  even  when  they  are  in  abso- 
lute contact  with  the  granitic  rocks,  and  in  them,  and  also  in  certain  alternating 
courses  of  calcareous  grit,  are  many  included  small  pebbles  and  fragments  of  the 
crystalline  rock.  Pacing  across  the  edges  of  one  group  only  of  these  beds  near 
their  southern  extremity,  where  the  mass  of  the  granitic  rocks  retires  inland,  and 
which,  as  above  exhibited  (towards  the  right-hand  of  section),  are  inclined  at  about 
35°  to  the  north  for  upwards  of  800  paces,  their  lower  part  (b)  consisting  of  black 
shale  (alum-slate)  wholly  unaltered,  we  came  to  the  lower  fucoid  sandstone  (a). 
Here  again  there  could  be  no  misgivings  ,  for  this  sandstone  having  been  consi- 
derably eroded  and  worn  away  by  the  stormy  action  of  the  waters  of  the  lake,  the 
lower  granitic  gneiss  beneath  it  o)  has  been  exposed  as  a  nucleus,  around  which  the 
white,  sandy  and  regenerated  sandstone  (a,  a)  has  been  wrapped,  and  is  still  in  a 
wholly  unaltered  state. 
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These  facts  completely  demonstrate  what  we  are  contending  for,  that  the  granitic 
gneiss  and  associated  rocks  of  Sweden  formed  the  solid  materials  of  that  country 
before  the  earliest  vestiges  of  palaeozoic  deposits  were  called  into  existence.  Nay, 
they  further  prove,  that  as  the  Lower  Silurian  strata  in  question  which  are  actually 
adherent  to  the  granitic  rocks,  though  highly  dislocated,  occur  in  the  state  of  soft 
shale  and  unaltered  impure  limestone  and  sandstone,  the  crystalline  ridge  of  the 
Omberg  must  have  been  upheaved  as  a  hard  and  solidihed  mass  (like  the  granite 
and  gneiss  of  the  Ord  of  Caithness  through  the  oolites  of  Brora'),  long  after  the 
period  when  it  had  undergone  the  fusion  and  raetamorphism  which  gave  to  these 
ancient  slaty  rocks  their  crystalline  aspect. 

Other  phenomena,  proving  that  the  lowest  Silurian  sandstone  of  these  tracts  has 
been  formed  out  of  the  ancient  crystalline  rocks,  are  indeed  to  be  found  in  many 
other  parts  of  Sweden,  and  we  particularly  noted  them  still  further  to  the  south, 
on  the  high  eastern  banks  and  slopes  of  the  Wcttern  Lake  near  Grenna,  where, 
as  well  as  in  the  large  isle  of  Visings,  the  strata  are  composed  of  a  sandstone  that, 
from  its  red  colour,  had  been  mapped  as  Keuper  by  Hisinger,  but  which  is  simply 
a  continuation  of  the  base  of  the  lowest  Silurian  stratum,  its  red  colour  being 
derived  from  adjacent  red  felspathic  and  quartzose  rocks  (o)  out  of  which  it  has 
been  formed  and  on  which  it  rests,  as  here  represented. 


Whether  this  sandstone,  which  over  large  tracts  in  Vestrogothia  and  Ostrogothia 
is  truly  the  lowest  member  of  the  Silurian  system,  be  universally  so  in  Sweden, 
can  only  be  determined  by  more  extended  researches ;  but  from  what  we  observed 
on  the  gneissose  and  granitic  hills  to  the  south  of  the  lake  of  Roxen  and  near  the 
inn  of  Berg,  we  should  say  not.  Considerable  masses  of  Orthoceratite  limestone 
with  associated  shales  there  occupy  the  depressions  and  slopes,  in  cutting  through 
which,  the  numerous  fossils  known  to  collectors  under  the  name  of  the  locality  of 
Hysbifiol  were  obtained.  The  black  alum  shales  full  of  fossils,  rising  out  from 
beneath  their  calcareous  cover  with  its  Trinuclei  and  Agnosti,  are  exposed  in 

•  See  Gcol.  Trans.,  vol.  ii.  2nd  series,  p.  306.  Professor  Phillips  has  since  shown,  that  the  chief  mass 
of  the  Malvern  Hills  is  of  age  anterior  to  the  Carndoc  sandstone  j  but  that  lection  affords  no  unequivocal 
Lower  Silurian  or  Protozoic  base  like  the  Swedish  case*. 
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shallow  quarries  and  fold  over  upon  the  subjacent  granitic  gneiss,  which  occasion- 
ally surrounds  them  on  all  sides,  and  without  the  appearance  of  any  intermediate 
sandstone.  Such  relations,  indeed,  we  have  already  alluded  to  at  the  Egeberg 
near  Christiauia ;  and  it  is  so  obvious  that  in  no  country  can  mineral  characters 
be  considered  indicative  of  the  relative  age  of  beds,  that  we  simply  here  make  the 
remark,  because  we  shall  presently  have  to  show,  that  in  Russia  the  lowest  mem- 
ber of  the  Silurian  system  is  not  a  sandstone  but  a  shale,  the  latter  being  there 
overlaid  by  sandstone. 

In  certain  quarries  of  argillaceous  limestone  at  Freberga,  to  the  north  of  Motala, 
we  met  with  beds  absolutely  loaded  with  the  circular  bodies  spoken  of  at  Chris- 
tiania,  Spharoniten  aurantium  (His.\  Echinospharitea  (WahL),  of  the  same  species  as 
those  to  which  wc  shall  afterwards  have  to  allude  near  St.  Fctcrsburgh.  They  are 
there  clustered  together  like  bundles  of  enormous  grapes,  and  are  associated  with 
one  of  the  small  Orthida  so  common  in  the  Russian  deposits  of  the  same  age. 
Here  agaiu  the  beds,  though  entirely  unaltered,  are  tilted  at  the  high  angle  of  70° 
to  the  north,  in  the  proximity  of  a  hill  of  ancient  granitic  or  syenitic  rock,  which 
had  doubtless  been  heaved  up  en  masse  like  the  Omberg,  whilst  in  all  the  lower  Hat 
beyond  the  slope  of  the  limestone  hillocks,  and  extending  for  many  miles  along 
the  north-western  shores  of  the  Wcttern  Sec,  the  lower  or  fucoid  sandstone  lies  in 
grand  horizontal  sheets,  and  is  extensively  quarried  as  a  building  stone. 

Upper  Silurian  Rocks. — Having  thus  satisfied  ourselves  concerning  the  true  base 
of  the  Silurian  rocks,  and  further  of  their  close  relations  to  strata  of  the  Russian 
governments  of  St.  Pctcrsburgh  and  Reval,  with  which  wc  were  previously  well  ac- 
quainted ;  and  being  further  convinced  that  with  very  rare  exceptions  there  are  no 
traces  of  Upper  Silurian  rocks  in  the  central  or  southern  part  of  the  continent  of 
Sweden,  it  was  not  essential  to  our  views  of  classification  that  we  should  visit 
(Gothland,  where  such  upper  strata  arc  so  well  known  to  abound. 

In  fact,  through  the  kind  and  liberal  arrangements  of  Baron  Berzelius  and  the 
assistance  of  our  companion  Professor  Loven,  to  whose  zeal,  intelligence  and  good 
arrangements  we  were  singularly  indebted,  the  rich  collections  of  Hisingcr  and 
Dalman  were  laid  before  us  and  a  selection  made  from  them,  for  the  purpose  of 
comparison  with  those  of  Great  Britain,  Russia  and  other  countries.  A  glance  at 
the  fossils  which  were  brought  to  England  and  examined  by  other  palaeontologists 
as  well  as  ourselves,  is  sufficient  to  convince  any  one  acquainted  with  the  Silurian 
rocks  of  the  British  Isles,  that  whilst  the  long  island  of  Oland  is  essentially  com- 
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posed  of  the  same  Lower  Silurian  group  which  we  had  followed  over  the  main  land, 
(its  Orthoceratite  marble  limestones  having  been  largely  exported  to  all  parts  of 
the  Baltic),  the  island  of  Gothland  is  exclusively  of  Upper  Silurian  age.  The 
chief  rock  of  this  island  is  a  limestone  very  similar  to  that  of  tbe  upper  deposit  of 
Christiania,  and  is  loaded  with  corals,  many  of  which,  including  Catenipora  escha- 
roides,  C.  labyrinthica,  Favosites  Gothlandica,  are  well-known  species  in  the  Wenlock 
and  Dudley  limestone  of  England.    With  these  are  associated 

Leptena  deprena,  L.  mtjlypka,  Atrypa  tumida,  Ptntamrrat  (Atrypa)  gaUalut,  P.  conthidium.  DeUhyrii  cyrltttta 
(Spirtftr  radiatwi) ,  Terrbratula  H'tlmni  Sow.  (T.  larunota  of  the  Swedish  authors),  7*.  marginalia  Datm.  (7".  ia»- 
brieala  Sil.  Sy*t.),  T.  rrlicnlnru  Linn.  (Silur.  variety  of  7'.  pritca).  T.  nucule,  T.  pliratrlla  Dal.,  Enomphaliu  mlratm 
HU.,  Poiidonia  alala.  Aticula  ntnfirxa  His..  Tellina  priica,  Orthorrralitn  eommmm  Wahl.  (0.  brims*  Sil.  Syst.j, 
0.  imtricatut  Wahl.,  O.  anmlatnt  Hit.  (0.  Or*  Sil.  Syst.j,  0.  amnfafu  Sow.  (0.  umdulalus  His.),  Phraymocmu. 
IMuitn,  Calgmrne  Blumenbachii ,  C.  coriolaru  Brong.,  Atap/tut  raiu/afn', 

and  a  number  of  other  Trilobites,  among  which  is  a  rare  example  of  the  genus 
Brontes  (Goldfuss). 

The  coincidence  of  numerous  fossils  published  as  Upper  Silurian  types  in  England 
is  so  truly  remarkable,  that  doubtless  the  rocks  in  tbe  two  countries  are  of  exactly 
the  same  epoch.  The  actual  examination  of  these  fossils  has  also  enabled  us  to 
see,  that  certaiu  British  species  which,  judging  from  the  published  figures  of  Hi- 
singer,  were  supposed  to  be  distinct,  are,  in  fact,  identical  with  forms  previously 
named  by  that  author,  whose  terms  will  necessarily  in  all  such  cases  be  adopted. 

Whilst  the  whole  Gothlandian  group  is  thus  unquestionably  proved  to  be  Upper 
Silurian,  a  large  part  being  undoubtedly  on  the  exact  parallel  of  the  Wenlock  lime- 
stone, we  might  (judging  from  certain  fossils,  such  as  the  Aiicula  retrofiexa  and  a 
species  of  Brontes'1,  both  found  with  certain  Orthoceratites  in  a  sandy  rock  at  Mount 
Homberg  in  the  southern  part  of  the  island)  be  led  to  think,  that  the  true  equiva- 
lent of  the  Ludlow  rocks  is  also  there  present.  This  is,  indeed,  rendered  highly 
probable  from  what  is  found  to  be  the  case  in  the  Russian  island  of  Oesel  (see 
p.  35*).  But  wc  desist  from  any  further  attempt  at  close  subdivision^  comparison 
until  we  have  personally  examined  the  localities'. 

1  Among  the  Gothland  Crinoidea  we  observed  the  remarkable  Hypmlhocrinittt  decern  as  well  as  the 
Actutocrinitet  moniliformis  of  Dudley. 

•  Though  not  published  in  the  Silurian  System,  the  genus  Bremtei  has  been  found  by  Dr.  Lloyd  in  the 
Ludlow  rocks,  and  even  in  their  lower  division.  The  genus  is,  therefore,  common  to  the  Upper  Silurian 
and  Lower  Devonian  strata. 

»  In  his  detailed  map  Hisingcr  correctly  lays  down  the  Island  of  Oland  as  consisting  in  ascending  order 
of  aandstone,  alum  slate  and  Orthoceratite  limestone,  whilst  Gothland  is  all  composed  of  Us  younger 
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In  tlic  Swedish  Upper  Silurian  group  there  are,  indeed,  a  few  species  unknown  to 
English  geologists.  But  even  these,  though  wanting  in  England,  are  found  in 
rocks  of  the  same  age  in  other  countries.  Such,  for  example,  is  that  peculiar  shell 
the  Cytkerina  Baltica,  or  a  variety  of  it,  which  has  heen  detected  in  Normandy  and 
Brittany,  and  also,  as  we  shall  hereafter  show,  in  the  Timan  range  of  uorth-eastern 
Russia.  Such  also  is  the  Posidonia  alata,  which  is,  if  we  mistake  not,  a  fossil  of 
the  Clinton  division  of  the  Silurian  rocks  of  North  America.  We  cannot  make  the 
last  allusion  without  observing,  that  several  of  the  species  enumerated,  viz.  Lepta-na 
depressa,  L.  euglypha,  Atrypa  tumida,  Pentamerus  gnleatus,  Orthis  eletjantula,  Del- 
thyris  cyrttena,  D.  sulcata,  Avicula  relrqflexa  and  Hypanthocrinites  decorus,  as  well  as 
Calymene  Blumenbachi  and  other  Trilobites  with  some  corals,  are  identical,  not  only 
with  English  but  also  with  North  American  species  of  the  Upper  Siluriau  rocks, — 
a  striking  illustration  of  the  wide  diffusion  of  similar  conditions  in  the  early  stages 
of  the  formation  of  the  surface,  of  which  we  shall  hereafter  adduce  many  other 
examples. 

To  whatever  extent,  therefore,  future  researches  may  prove,  that  English  subdi- 
visions arc  practicable  in  it,  the  Gothlandian  group  is  at  any  rate  a  most  copious 
and  unequivocal  display  of  true  Upper  Silurian  types,  which  in  Sweden  are  quite 
as  distinct  from  those  of  the  Lower  Silurian  rocks  before  described,  as  in  the  best- 
studied  districts  of  the  British  Isles. 

In  taking  leave  of  Scandinavia  for  the  present,  we  must,  in  the  mean  time,  spe- 
cially advert  to  the  close  relations  which  exist  between  its  Lower  and  Upper  Silu- 
rian groups  and  those  of  Great  Britain  and  distant  parts  of  the  world.  Of  133 
Silurian  fossils  which  we  brought  back  or  noted  on  the  spot  during  our  recent 
survey,  at  least  eighty-four  arc  British,  and  from  twenty-five  to  twenty-seven  arc 
North  American  species.  In  this  comparison  the  identity  of  the  Upper  Silurian 
groups  of  the  Baltic  and  Great  Britain  is,  indeed,  most  surprising ;  for  among 
seventy-four  Scandinavian  species  upwards  of  sixty  are  common  to  the  strata  of 
this  age  in  both  countries,  aud  of  these  fifteen  to  sixteen  species  are  also  found  in 
the  Upper  Silurian  rocks  of  America. 

Such,  then,  is  a  brief  comparison  of  the  Silurian  rocks  of  Scandinavia  with  those 
of  Great  Britain,  where  their  order  was  first  established.  In  publishing  our  earliest 
general  results  concerning  these  deposits  we  pointedly  reminded  our  brother  geo- 
logists, that  although  in  applying  the  Silurian  classification  to  extensive  tracts,  the 
minor  and  local  subdivisions  of  the  typical  English  region  would  probably  not  be 
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maintainable,  a  natural  separation  into  Lower  and  Upper  groups  might  generally 
be  looked  for  in  other  countries,  where  strata  of  this  age  prevailed".  In  Scan- 
dinavia, indeed,  the  identity  of  two  such  groups  with  the  British  types  is  not  only 
most  striking,  but  even  many  of  the  subordinate  details  in  both  countries  are  to  a 
remarkable  degree  analogous. 

Having  now  sufficiently  defined  the  dawn  of  palaeozoic  succession,  and  our 
readers  being,  we  hope,  convinced,  that  the  Lower  Silurian  rocks  constitute  the 
earliest-formed  sediments  in  which  animal  life  has  been  discovered  in  tracts  where 
the  series,  void  of  all  animal  remains  in  its  lowest  stratum,  rests  on  crystalline  rocks, 
they  will  now  proceed  to  the  consideration  of  the  successive  deposits  of  Russia 
with  a  clear  idea  of  the  earliest  stages  in  the  long  series  of  deposits  that  we  are 
about  to  describe. 

1  Sec  Lond.  and  Edinb.  Phil.  Mag..  1835.  p.  46.  and  Silurian  System  pattim.  Since  the  hut-men- 
tioned  work  wa*  published,  a  certain  number  of  fos*il»  not  noticed  in  it  have  been  discovered.  Thug,  in 
the  Upper  Silurian,  Mr.  J.  W.  Fletcher  and  Mr.  J.  Gray,  of  Dudley,  have  collected  many  new  form*  of 
Crinoidca,  including  the  remarkable  bodies  named  Pseudocrinitca  by  Mr.  C.  Pcarcc,  and  which  seem  to 
be  allied  to  the  genu*  Pentremite. 


CHAPTER  III. 


SILURIAN  ROCKS  OF  RUSSIA. 

Introductory  View  of  the  prevalent  physical  Features  of  Russia  in  Europe. — Crystal- 
line Rocks  to  the  North  of  the  Silurian  Zone. — Line  of  Elevation  accompanied  by 
eruptive  Rocks  and  Fissures  transverse  to  the  Crystalline  frontier  of  the  North. — 
Consequent  Obscuration  of  the  Junction  between  the  Azoic  and  Protozoic  Rocks. — 
Silurian  strata  in  the  government  of  St.  Petersburgh  represent  the  Lower  Group 
only. — Transverse  sections  of  the  same  to  the  South  of  St.  Petersburgh  and  on  the 
rivers  Ishora,  Tosna,  Volkof  and  Siass,  shotting  that  the  Lower  Silurian  Rocks  are 
there  at  once  surmounted  by  strata  of  Devonian  age. — Silurian  Dislocations  and 
Flexures  accounted  for.— The  Lower  Silurian  beds  of  Esthonia  and  Kovno  pass  up- 
wards into  Limestones  unth  Pentameri,  intermediate  between  the  Lower  and  Upper 
Groups. — Upper  Silurian  Rocks  developed  in  the  Isles  of  Dago  and  Oesel. — Review 
of  the  characteristic  Silurian  Organic  Remains,  proving  a  division  into  Lower  and 
Upper  Zones  in  Russia,  as  in  Norway  and  Sweden.  (See  Map,  Table  and  Sec- 
tion, Plate  VI.) 

As  a  prelude  to  the  description  of  the  geological  structure  of  Russia,  we  must  be 
permitted  to  say  a  few  words  upon  the  physical  features  and  drainage  of  that 
great  central  portion  of  the  empire,  the  exploration  of  which  has  been  our  main 
object. 

Bounded  on  the  north  by  a  vast  country  occupied  by  crystalline  rocks,  and 
surrounded  on  other  sides  by  the  mountains  of  the  Ural,  the  Caucasus  and  the 
Carpathians,  Russia  in  Europe  maybe  viewed  as  a  spacious,  low,  undulating  region, 
which  opens  out  into  the  great  depression  of  the  Caspian  Sea  on  the  south-east, 
and  to  the  flat  countries  of  Northern  Germany  on  the  west. 

Considering  its  magnitude,  this  mass  of  land  is  very  remarkable  in  being  de- 
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void  of  a  single  elevation  approaching  to  the  character  of  a  mountain  ;  whilst  with 
this  absence  of  altitude,  no  portion  of  Europe  contains  so  great  a  number  of  fine 
rivers.  The  principal  watershed  which  divides  Russia  into  two  hydrographical 
basins,  and  throws  off  some  rivers  into  the  Baltic  and  White  Seas,  and  others  into 
the  Black  Sea,  the  Sea  of  Azof  and  the  Caspiau,  is  not  even  defined  by  any 
chain  of  continuous  and  decided  hills.  Ranging  from  the  frontiers  of  Poland  on 
the  south-west  through  the  Valdai  Hills,  and  thence  to  the  north-east,  the  central 
part  only  of  this  watershed  is  entitled  to  be  called  a  ridge.  As  erroneous  views 
have  prevailed  respecting  them,  we  may  here  briefly  state,  that  these  hills  consist 
simply  of  plateaux  which  originate  between  the  south  end  of  the  Lake  Peipus  and 
the  river  Diina,  from  whence,  rising  to  an  average  height  of  800  or  900  feet,  with 
a  few  summits  attaining  to  about  1000  feet,  they  continue  to  the  north-east,  and 
constitute  the  Valdai  Hills.  When  studied  as  a  whole,  however,  these  hills  extend 
in  reality  also  from  Livonia  to  the  south-cast,  and  range  by  the  sources  of  the 
Velika  and  the  Diina  to  Orel,  Kursk,  and  Voroneje,  where  they  form  a  domelike 
elevation  in  the  centre  of  Russia,  to  the  geological  influence  of  which  we  shall 
hereafter  advert.  It  may  in  the  meantime  be  remarked,  that  the  south-eastern 
branch  of  these  high  grounds,  near  Kursk  and  Orel,  deflects  the  river  Oka  to  the 
north  until  it  merges  in  the  Volga,  and  also  determines  the  northward  course  of 
the  Don,  until  that  stream  finds  a  depression  by  which  it  escapes  southwards  to  the 
Sea  of  Azof. 

It  must  also  be  stated,  that  the  Valdai  Hills  do  not  form,  as  some  geographers 
had  supposed,  a  continuous  elevation  which  unites  with  the  mountains  of  the  North 
Ural.  On  the  contrary,  they  rapidly  decrease  in  altitude  towards  the  north-east, 
and  are  lost  in  marshy  lacustrine  tracts,  just  of  sufficient  height  to  determine  the 
flow  of  the  river  Vitcgra  into  the  Baltic,  of  the  Onega  into  the  White  Sea,  and  of 
the  tributaries  of  the  Volga  to  the  south.  These  upland  lacustrine  grounds  on  the 
north-east,  wherein  the  north-  and  south-flowing  streams  are  united  by  the  splendid 
canal  of  Marinsk,  are,  in  fact,  analogous  to  the  marshes  of  Pinsk  on  the  south- 
west, where  the  south-flowing  Dnieper  has,  in  like  manner,  been  connected  with 
the  north-flowing  rivers  Niemen  and  Bug. 

And  here  it  is  worthy  of  remark,  that  a  line  prolonged  between  the  very  distant 
canals  of  Vitegra  and  Pinsk  passes  also  through  the  grounds  traversed  by  the  in- 
termediate canals  of  Tichvin  and  Lepel,  the  former  uniting  the  Volga  with  Lake 
Ladoga,  the  latter  joining  the  south-flowing  Berezina  with  the  north-flowing  Diina, 
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— such  line  being  at  the  same  time  coincident  with  the  main  elevation  of  the  Valdai 
Hills.  As  geographers  we  may  observe,  that  this  line  is  parallel  to  the  axis  of  the 
great  Scandinavian  chain,  whilst  as  geologists  we  can  show  in  the  sequel,  that 
along  the  minor  as  well  as  along  the  major  elevation,  the  older  palaeozoic  rocks 
only  have  been  upheaved  and  affected.  It  was,  in  truth,  an  acquaintance  with  the 
peculiar  nature  of  this  long  and  low  Russian  watershed  which  enabled  that  illus- 
trious sovereign  Peter  the  Great  to  unite  these  north  and  south  water  basins  by 
canals,  and  thus  to  secure  to  his  country  such  important  commercial  advantages 
and  so  much  internal  power'. 

Since  the  Valdai  Hills  lie  at  no  great  distance  from  the  Baltic  Sea,  it  is  evident 
that  the  streams  which  flow  from  them  to  the  north  and  fall  into  that  sea  must 
have  much  shorter  courses  than  those  which  flow  to  the  south.  Thus  the  Duna, 
the  Msta  and  Volkof  have  comparatively  rapid  descents ;  whilst  the  Volga,  which 
rises  on  the  southern  slopes  of  these  heights,  runs  its  tortuous  course  for  about  two 
thousand  five  hundred  miles  before  it  debouches  into  the  Caspian. 

It  might,  therefore,  be  supposed  that  this  south-flowing  stream,  having  to  glide 
over  an  immense  space  of  ground  of  little  elevation,  must  necessarily  afford  much 

'  Of  the  few  heights  which  wc  have  ventured  to  mark  upon  our  Map,  those  which  have  been  deter- 
mined by  the  barometrical  observations  of  Colonel  Helmersen.  Count  Key»erling  and  other*,  are.  of  cour»e, 
to  be  viewed  aa  approximations  only.  In  one  district  (Livonia)  we  have,  indeed,  been  provided  with  the 
means  of  inserting  some  correct  altitude*,  a*  determined  by  trigonometrical  survey  conducted  under  the 
direction  of  our  distinguished  friend  the  Imperial  Astronomer  Strove ;  but  even  in  this  instance  we  can,  on 
the  scale  of  our  map,  do  no  justice  to  his  most  important  triangulation,  which  having  been  carried  along  the 
Baltic  provinces,  is  now  in  the  act  of  being  extended  to  Southern  Russia  along  the  Polish  frontier.  Other 
triongulations  having  been  already  carried  over  Finland,  with  the  certainty  of  their  being  extended, 
through  the  cooperation  of  the  Swedish  Government,  to  Cape  North,  the  Imperial  Government  will, 
through  the  survey  of  M  Strove,  have  obtained  the  renown  of  measuring  an  arc  of  the  meridian  of  the 
earth  of  much  greater  extent  than  any  which  ha*  been  executed  either  by  the  French  or  English  Govern- 
ments. For  the  Livonian  triangulation,  sec  "  Rcsultate  der  Astronomisch-trigonometrischen  Vermessung 
Livlands,  von  W.  Strove,  Mem.  de  l'Acad.  des  Imp.  Sciences,  St.  Pctersburgh,  1844."  (Sec  also  Addreos 
to  the  Royal  Geographical  Society  of  London,  1845.)  The  southern  portion  of  the  Russian  survey 
above  alluded  to.  is  conducted  by  General  Tenner,  who  has  recently  communicated  to  M.  Strove  and  the 
Imperial  Academy.  168  elevations  in  the  Western  governments.  In  a  letter  to  Mr.  Murchison,  M.  Strove 
makes  the  important  remark,  that  throughout  more  than  12  degrees  of  latitude,  the  greatest  elevations  are 
everywhere  nearly  the  same,  or  about  KKHJ  English  feet  above  the  Baltic ;  and  that  one  point  only,  neur 
Krcmcnctz,  has  a  height  of  1328  feet,  the  maximum  level,  probably,  of  the  western  governments  between 
the  Gulf  of  Finland  and  the  Black  Sea.  This  last  observation  is  of  geological  and  geographical  importance, 
in  marking  the  western  extremity  of  the  granitic  steppe  of  Volhynia  and  Podolia,  and  the  high  grounds 
from  whence  the  rivers  Dnieper,  Bogh,  Dniester  and  Bug  take  their  rise  (see  Map,  PI.  VI.). 
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less  geological  instruction  than  the  more  rapid,  north-flowing  rivers.  But  this  is 
not  the  case ;  for  whilst  the  streams  which  flow  northwards,  from  the  Valdai  and 
its  dependencies,  expose  the  older  palaeozoic  strata  in  comparatively  short  distances, 
the  Volga,  when  followed  in  its  long  track,  affords  lessons  not  less  instructive  in 
respect  to  the  newer  formations.  In  fact,  the  promontories  which  invariably  constitute 
throughout  so  vast  an  extent  the  right  bank  of  this  mighty  stream,  by  no  means 
diminish  in  altitude  with  the  descent  of  its  waters  ;  for  whether  examined  at  Nijny 
Novogorod,  in  the  cliffs  opposite  Kazan,  in  those  between  Simbirsk  and  Samara, 
or  from  thence  to  Saratof,  the  right  bank  of  the  Volga  maintains  an  average  height 
of  200  to  300  feet,  sometimes  rising  to  400  and  500  feet  above  the  stream.  The 
geologist,  therefore,  often  reads  an  instructive  lesson  in  these  cliffs,  and  traces  how 
the  younger  palaeozoic  and  secondary  strata  are  related  to  each  other,  and  how 
they  are  depressed  beneath  the  more  recent  accumulations  of  the  southern  steppes. 

The  north-eastern  angle  of  Russia,  which  lies  between  the  Glacial  Sea,  the  river 
Dwina  and  the  Ural  Mountains,  is  distinguished  by  a  line  of  elevations  called  the 
Tj  m,m  ridge,  the  direction  of  which  is  at  right  angles  to  that  of  the  Valdai,  and  the 
chief  mass  of  palaeozoic  rocks.  Far  removed  from  civilization  and  most  imper- 
fectly known  to  geographers  till  recently  explored  by  one  of  our  own  party,  this 
narrow  low  range,  never  rising  to  more  than  1000  feet  above  the  sea,  is  very 
remarkable  for  its  persistence  from  south-east  to  north-west,  through  a  space  of 
about  500  miles.  Almost  branching  off,  as  it  were,  from  the  Ural  Mountains  in 
north  latitude  62°,  it  separates,  in  fact,  the  great  basin  of  the  Petchora  from  the 
affluents  of  the  Dwina  and  Volga,  and  forms  the  north-eastern  stony  girdle  of 
European  Russia'. 

The  central  and  southern  divisions  of  the  eastern  region  are  diversified  by  low 
watersheds  only,  none  of  which  have  the  persistent  character  of  a  chain.  Thus  in 
the  vast  government  of  Vologda,  the  sources  of  the  rivers  Suchona,  Jug  and  Inga, 
which  feed  the  great  Dwina  in  its  northern  course  to  Archangel  and  the  White  Sea, 
are  separated  by  a  tract  of  small  elevation  only  from  the  Unja,  the  Viatka,  and  the 
Kama,  which  flow  southwards  into  the  Volga.  Lastly,  the  other  numerous  tribu- 
taries of  the  Dwina  and  the  Volga,  which  spring  in  the  Ural  Mountains,  and 

'  The  basin  of  the  Petchora  and  the  Tiinan  ridge  were  surveyed  by  our  associate,  Count  A.  von  Key- 
berling,  accompanied  by  Lieut.  Kruscnstern  in  1843  (tee  pp.  1230,  332,  412  rt  teq.).  A  separate  work 
and  map  of  this  region  are  in  preparation  by  it,  explorers,  in  publishing  which  Count  Keyserling  describes 
many  additional  species  of  fossils.    This  work  will  form  a  sequel  to  the  present  publication. 
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intersect  the  wide  and  flat  regions  of  the  governments  of  Vologda,  Perm,  and 
Orenburg,  are  there  also  respectively  turned  to  the  north  or  to  the  south  by  ele- 
vations like  the  Obschey  Sirt,  which  are  very  slight  in  reference  to  the  enormous 
spread  of  land  by  which  they  are  surrounded. 

If  it  be  asked,  what  is  the  direct  connexion  between  these  streams  and  a  geolo- 
gical inquiry,  the  answer  is  obvious  ; — at  least  to  every  one  acquainted  with  Russia. 
In  other  countries  the  upper  lands  often  expose  stony  masses  which  emerge  from 
beneath  the  soil  as  separate  or  continuous  rocks,  and  afford  the  knowledge  the 
geologist  requires ;  but  here  the  round-backed  plateau  and  loftiest  elevation  are 
so  loaded  with  detritus  of  sand,  clay,  and  far-transported  blocks,  that  inspection 
of  the  concealed  strata  can  seldom  be  obtained,  except  in  the  deep  ravines  which 
are  daily  forming  on  the  sides  of  the  valleys,  or  on  the  banks  of  rivers,  where  the 
subsoil  is  laid  bare  by  denudations.  The  water-courses  are,  therefore,  as  truly  the 
keys  of  the  internal  structure  and  mineral  wealth  of  Russia,  as  they  are  the  sinews 
of  her  commercial  intercourse. 

Before,  however,  we  describe  the  various  sedimentary  deposits  watered  by  these 
streams,  we  must  first  give  a  brief  sketch  of  their  crystalline  northern  frontier. 

Crystalline  Rocks  of  the  North. — The  fundamental  rocks  of  Finland  and  Lap- 
land, consist,  as  in  Scandinavia,  of  gneissose  and  granitic  with  plutonic  rocks, 
many  of  which  have  been  described  by  native  writers,  and  some  of  the  prominent 
varieties  of  which,  in  the  region  north  of  St.  Petersburgh,  were  long  ago  made 
known  to  English  geologists  by  Mr.  Strangways'.  By  reference  to  the  Map, 
PI.  VI.,  it  will  be  seen  that  such  rocks,  ranging  from  Norway  and  Sweden,  spread 
out  to  the  north-east  over  the  vast  territory  which  comprehends  Finland,  Russian 
Lapland,  and  large  portions  of  the  governments  of  Olonetz  and  Archangel.  Having 
touched  at  intervals  only  upon  the  edges  of  this  crystalline  region,  it  is  not  in  our 
power  to  describe  it.  We  may,  however,  be  permitted  to  say  a  few  words  upon 
certain  small  islands  in  the  Bay  of  Onega,  an  arm  of  the  White  Sea,  since  no 
account  of  them  has  yet  been  published,  whilst  their  description  may  serve  to  give 
the  reader  some  idea  of  one  of  the  classes  of  rock,  so  largely  developed  in  these 
northern  latitudes. 

Of  the  islands  we  examined,  Ki-Ostrof  is  the  principal,  and  lies  a  few  miles 
north  of  the  town  of  Onega.  This  narrow  strip  of  rock,  surmounted  by  a  pictu- 
resque monastery,  and  affording  barely  sufficient  soil  to  sustain  a  few  fir-trees,  does 

'  Geological  Transaction*,  vol.  v.  1st  series,  and  vol.  i.  2nd  series. 
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not  rise  more  than  from  sixty  to  eighty  feet  above  the  sea,  and  is  about  three  miles 
in  circumference.  It  is  entirely  composed  of  granitic  gneiss,  which  is  regularly 
bedded.  The  strata  are  vertical,  and  have  a  strike  north -north -west,  to  south- 
south-east  {magnetic),  with  many  joints,  the  most  dominant  of  which  are  also 
vertical  and  cut  the  strata  obliquely,  passing  from  north-east  to  south-west.  The 
surface  of  the  rock  being  generally  laid  bare,  the  different,  vertical  beds  are  well- 
exposed.  Among  several  varieties,  some  contain  much  black  mica  and  quartz, 
others  hornblende,  quartz  and  felspar,  with  a  little  mica ;  and  in  a  third,  still  more 
quartzose,  are  certain  micaceous  beds  charged  with  garnets,  occasionally  of  con- 
siderable size.  Quartz  veins  are  apparent  here  and  there,  but  in  our  short  exami- 
nation we  did  not  observe  any  signs  of  true  granitic  or  other  intrusive  rock.  This 
isle  is  chiefly  interesting  as  being  the  most  southerly  point  (at  the  mouth  of  the 
river  Onega)  to  which  the  crystalline  rocks  of  Lapland  advance  in  that  parallel  of 
latitude  '.  Other  islands  of  similar  composition  are  dotted  about  the  bay,  to  the 
north  of  Ki-Ostrof,  and  one  of  these,  celebrated  as  the  site  of  a  great  monastery, 
the  resort  of  many  pilgrims,  is  called  Solivetsk. 

But,  though  not  seen  by  us  in  these  north-eastern  isles  or  promontories,  various 
rocks  of  intrusive  character  have  been  already  mentioned  as  associated  with  the 
azoic  or  crystalline  rocks  of  Scandinavia,  from  whence  they  continue  through  Fin- 
land into  Lapland  and  the  northern  tracts  of  Russia  (sec  Map).  The  same  sort  of 
collocation  exists  in  Finland  and  Lapland,  where  the  late  M.  Bdhtlingk  has  recently 
observed,  in  numerous  instances,  that  the  greenstones  have  been  injected  into  the 
surrounding  crystalline  masses*. 

Intrusive  Rocks  and  Metamorphosed  Palaozoic  Strata. — Passing  from  the  con- 
sideration of  the  older  crystalline  rocks,  and  those  which  we  had  no  opportunity 
of  distinguishing  from  them,  we  would  now  briefly  advert  to  masses  that  are  cer- 
tainly of  posterior  age.  In  the  region  under  our  review,  we  purposely  examined 
the  central  and  northern  parts  of  the  Lake  Onega  and  its  western  bank,  where 
trappean  rocks  occupy  a  large  portion  of  the  surface.    Referring  our  readers  who 

1  M.  Bohtlingk,  in  a  recent  journey  round  the  northern  shores  of  the  White  Sea,  has  shown  the  exten- 
sion of  hard  sandstone  and  other  rocks  on  the  northern  shores  of  the  White  Sea  (as  we  have  kid  it  down 
in  the  Map),  but  the  great  mass  and  nucleus  of  the  country,  as  in  Scandinavia,  is  made  up  of  gneiss  and 
granite,  with  greenstone. — Acad.  Petro.  Bull.  Scient.,  vol.  »ii. 

*  Sec  Bulletin  Scicntifiquc  dc  rAcadcmic  Imper.,  toI.  rii.  p.  194. 
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seek  for  detail  to  a  memoir  by  M.  Engelmann1,  we  shall  not  further  describe  their 
lithological  character  than  to  say,  that  these  eruptive  rocks  chiefly  consist  of 
greenstones,  graduating  through  coarse  and  fine-grained  varieties  into  syenite  and 
porphyry,  with  hornblende  slate,  &c 

The  little  isle  of  Solimcn,  north  of  Petrozavodsk,  is  so  far  an  exception,  that  it 
is  composed  of  a  very  remarkable  trap-breccia  or  greenstone  conglomerate,  the 
"  Solimenski-kainen  "  of  the  Russians.  This  rock,  which  extends  over  a  con- 
siderable space,  is  composed  of  angular  fragments  of  apparently  altered  slate  or 
Lydian  stone,  imbedded  in  a  trappean  matrix,  with  very  minute  felspathic  veins. 

These  eruptive  masses,  advancing  from  the  crystalline  region  of  Russian  Lap- 
land, trend  in  long  bands  from  N.N.W.  to  S.S.E.,  which  are  parallel  to  the  num- 
berless lakes  of  this  northern  country  (see  Map),  the  latter  occupying  depressions 
between  promontories  of  greenstone.  One  of  these  promontories,  for  example, 
runs  parallel  to  the  western  banks  of  the  Lake  Onega,  where  it  risea  through  hard 
quartzose  sandstones,  into  prominent  wooded  hills,  400  or  500  feet  above  the 
water.  The  most  southern  tongue  of  these  trappean  rocks  is  composed  of  horn- 
blende and  compact  felspar,  and  from  a  greenstone  passes  into  syenite  and  syenitic 
greenstone,  which  form  a  picturesque  headland  on  the  left  bank  of  the  Svir,  where 
that  clear  stream  issues  from  the  Lake  Onega*. 

Although,  strictly  speaking,  we  ought  not  to  speak  of  altered  rocks  before  we 
have  described  the  strata  in  their  normal  or  unaltered  condition,  we  shall  render 
our  view  of  the  general  relations  of  the  masses  more  clear,  by  at  once  saying  a  few 
words  upon  tliis  point.  Whenever  the  quantity  of  overlying  detritus  permits  their 
northern  edges  to  be  examined,  the  unaltered  sedimentary  rocks  we  are  about  to 
describe,  are  separated  from  the  great  granitic  or  azoic  region  of  the  north  by  a 
zone  of  considerable  width,  in  which  the  shales  have  been  converted  into  coarse 
slates  or  Lydian  stone,  the  limestones  more  or  less  into  marble,  and  the  sandstones 

'  Annuai re  du  Journal  des  Mine*  de  Russie,  annee  1838,  p.  50,  "  Bur  la  composition  geologique  de 
rarrondis*ement  minicr  d'Olonetz : "  in  which  the  author  gives  an  elaborate  description  of  the  Soli- 

*  Colonel  Armstrong,  the  Director  of  the  Imperial  Iron  Foundry  at  Petrozavodsk  has  prepared  a 
mineralogiciU  map  of  this  neighbourhood.  We  were  indebted  to  that  officer,  not  only  for  a  most  hospi- 
table reception,  but  also  for  much  information,  in  regard  to  the  range  of  the  crystalline  rocks  and  the 
alluvial  phenomena,  including  the  deposits  in  lakes  which  supply  the  foundries  with  iron  ore.  (See  ac- 
count of  the  superficial  phenomena  of  this  tract,  pp.  514,  567.) 
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into  indurated,  siliceous  masses,  passing  here  and  there  almost  into  granular  quartz 
rock.  Such  phsenomena  arc  well  displayed  in  the  tracts  near  to  and  to  the  north  of 
Petrozavodsk  and  the  Lake  Onega,  where  the  hills  rise  to  heights  of  500  and  600 
feet  above  the  sea,  and  where  the  long  ridges  of  greenstone,  just  alluded  to,  prevail. 
The  crystalline  limestones,  which  we  saw,  betrayed  few  recognizable  forms  of  or- 
ganic remains;  but  the  flat-bedded,  quartzose  grits  are  occasionally  of  a  reddish 
colour,  exhibit  rippled  surfaces,  fucoid-Uke  markings,  imbedded  fragments  of  older 
rocks,  and  many  other  indications  of  their  original  condition.  They  have  also 
varied  and  sometimes  opposite  dips ;  but  this  condition,  as  well  as  their  structure, 
changes  instantly  upon  quitting  the  region  where  intrusive  rocks  are  visible.  In 
travelling  from  north  to  south  you  pass  suddenly  from  slates  to  shale  and  mud, 
and  from  inclined,  hard  quartzose  rocks,  to  horizontal  soft  sandstones  and  marls 
with  organic  remains.  In  this  respect,  indeed,  the  phsenomena  of  the  northern 
region  are  similar  to  those  of  many  other  parts  of  the  earth's  surface  where  intru- 
sive rocks  have  risen  through  sedimentary  deposits ;  but  over  what  exact  area  this 
metamorphism  of  the  original  strata  has  been  carried,  we  are  not  now  prepared  to 
show.  We  have  now  simply  to  state,  that  all  along  this  Lappish  frontier,  in  the 
governments  of  Olonetz  and  Archangel,  nature  has  placed  a  bar  to  a  correct 
examination  of  the  sedimentary  strata,  in  descending  order,  beneath  those  of  De- 
vonian age.  The  thorough  examination,  however,  of  this  great  band  of  Silurian 
rocks,  more  or  less  metamorphic,  which  lies  between  the  purely  crystalline  or  azoic 
rocks  of  the  north  and  the  wholly  unaltered  Devonian  and  carboniferous  deposits 
on  the  south,  well  merit  the  special  attention  of  the  geologist,  mineralogist,  and 
chemical  philosopher  ;  for  the  scale  on  which  these  operations  of  change  have  been 
conducted  is  gigantic.  Our  present  acquaintance  with  the  phenomena  is,  however, 
sufficient  to  convince  us,  that  here,  as  in  other  countries,  the  consolidation,  rupture, 
and  alteration,  of  large  portions  of  the  earth's  crust,  have  been  effected  by  the 
agency  and  eruption  of  igneous  and  gaseous  matter.  In  our  subsequent  account 
of  the  Ural  Mountains  we  shall  develope  our  views  on  this  subject ;  and  in  the 
meantime  terminate  this  sketch  of  the  northern  frontier  with  a  few  reflections  on 
the  line  of  separation  between  the  more  ancient  crystalline  rocks  and  fhe  sedimen- 
tary strata  of  the  central  regions  of  Russia. 

Transverse  Dislocations  along  the  Northern  Paleozoic  Frontier.— By  casting  his  eye 
over  our  Map  the  reader  will  perceive,  that  the  masses  of  metamorphosed  palaeozoic 
rocks  on  the  Lake  Onega,  to  which  we  have  been  adverting,  form  part  of  a  long 
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and  broken  girdle,  which  extends  from  south-west  to  north-east,  upon  the  frontier 
of  Finland  and  Russian  Lapland,  and  is  more  or  less  parallel  to  the  chief  axis  of 
Scandinavia.  Passing  to  the  north  of  Archangel,  the  north-eastern  extremity  of 
this  great  Unc  of  disturbance  is  represented  by  the  channel  of  the  White  Sea,  its 
south-western  end  being  equally  marked  by  the  Gulf  of  Finland.  Throughout  a 
large  portion  of  the  intermediate  tract,  similar  eruptive  and  metamorphic  pheno- 
mena are  visible,  and  the  chief  physical  features  are  everywhere  nearly  the  same. 
The  line  of  separation  between  the  crystalline  and  sedimentary  rocks  being,  on  the 
whole,  from  south-west  to  north-east  (though  curvilinear  and  adapting  itself  to 
the  contour  of  the  northern  continent),  that  line  is,  in  fact,  broken  through,  at  nu- 
merous  intervals,  either  by  the  eruptive  rocks  above  mentioned,  or  by  numberless 
depressions  occupied  by  lakes  and  bays,  whose  major  axis  is  also,  on  the  whole, 
from  north-west  to  south-east.  Both  the  linear  eruptive  ridges  and  the  adjacent 
and  parallel  depressions  are,  therefore,  transverse  to  the  great  line  of  6trike  or 
elevation.  At  the  very  threshold,  then,  of  a  history  of  the  subsoil  of  Russia,  it  is 
essential  to  bear  these  great  features  in  view,  because  they  explain  to  us  how,  by 
eruptions,  metamorphism  aud  dislocation,  all  the  original  junctions  between  the 
ancient  crystalline  and  paleozoic  rocks,  of  which  we  have  such  clear  evidences  in 
Scandinavia,  have  been  obliterated  in  Russia.  These  phenomena  are  further,  we 
think,  of  deep  interest  in  confirming,  on  a  great  scale,  the  accuracy  of  a  view  in 
geological  dynamics  which  has  recently  been  worked  out  in  the  British  Isles  by 
Mr.  Hopkins',  who  has  shown  that  in  the  production  of  any  great  line  of  elevatory 
disturbance,  whether  affecting  straight,  curvilinear  or  ellipsoidal  masses,  the  strata 
must  have  frequently  been  rent  by  fissures  at  right  angles,  or  nearly  so,  to  the 
chief  line  of  strain  or  elevation.  Now,  the  Finnish  and  Lappish  frontier  of  Russia, 
marking  a  great  geological  boundary,  presents  us  with  such  transverse  chasms  on 
a  grand  scale  ;  for  they  constitute  the  marine  bays  of  Archangel,  Kundulaska  and 
Onega,  and  the  great  freshwater  lakes  of  Onega  and  Ladoga,  with  innumerable 
smaller  sheets  of  water,  as  well  as  parallel  ridges  of  eruptive  matter,  all  of  which 
are  transverse  to  the  direction  of  the  strata.  The  plutonic  force  has  thus  found  its 
way  to  the  surface  through  fissures  or  rents  which  have  given  free  vent  to  ebullient 
matter  formerly  beneath  the  crust 

1  See  British  Association  Reports  for  1836,  Tr.  Sec.  p.  78,  and  Proceeding*  of  the  Geological  Society 
of  London,  vol.  iii.  p.  363.  A  memoir,  fully  illustrative  of  the  view»  of  Mr.  Hopkins,  is  about  to  appear 
in  the  1st  part  of  the  seventh  volume  of  the  Transactions  of  the  Geological  Society  of  London. 
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In  sailing  along  the  Gulf  of  Finland  and  passing  close  under  the  Isle  of  Hoch- 
land,  we  could  not  avoid  there  recognising  the  development  of  the  very  same  phav 
nomenon  as  that  which  we  had  witnessed  on  the  Lake  Onega.  Rising  abruptly  to 
upwards  of  500  feet  above  the  sea,  that  isle,  consisting  essentially  of  porphyritic  and 
greenstone  rocks,  [  resents  a  fine  rugged  outline,  the  major  axis  of  which  ranging 
equally  from  north-north-east  to  south-south  west,  is  parallel  to  the  isles  and  pro- 
montories of  Petrozavodsk,  like  which  it  has  carried  up  upon  its  surface,  masses 
of  limestone  which  have  been  altered  into  marble,  and  sandstones  which  have  been 
changed  into  quartz  rocks1. 

The  Gulf  of  Finland,  wherein  there  are  three  other  eruptive  islets*,  is,  therefore, 
not  merely  the  line  of  physical  separation  between  the  crystalline  rocks  of  the  north 
and  the  unaltered  sedimentary  deposits  of  which  we  are  about  to  treat,  but  is  also 
distinguished  by  the  same  transverse  emissions  of  plutonic  matter  as  the  great 
north-eastern  boundary.  Whether,  then,  from  violent  dismemberments  and 
changes  along  the  natural  frontier  of  the  Azoic  and  Silurian  rocks,  which  have 
often  produced  great  intervening  depressions,  or,  as  in  other  tracts,  from  the  enor- 
mous accumulation  of  granitic  and  crystalline  detritus  that  encumber  the  surface, 
enough  has  already  been  said  to  explain,  why  no  satisfactory  junctions  like  those 
of  Scandinavia  can  ever  be  looked  for,  upon  the  long  frontier  line  we  have  been 
considering. 

In  the  sequel  and  through  many  chapters  we  shall  have  to  treat  of  very  different 
phaenomcna,  and  to  show,  that  over  the  largest  region  in  Europe,  which  has  been 
geologically  described  by  any  one  set  of  observers,  nearly  all  the  sedimentary  masses 
are  unaltered  and  undisturbed.  And  here  we  must  request  our  readers  again  to 
cast  their  eyes  over  the  Map  and  glance  southwards  from  the  line  of  disturbance, 
alteration  and  fracture  to  which  their  attention  has  been  called,  and  observe,  that, 

'  The  structure  of  Hochland  is  described  by  Professor  Hoffman.  (See  Beitrage  zur  Kenntniss  dp? 
Russischen  Reiches.  4  Baodchen,  p.  101. 

*  M.  Baer,  who  has  visited  them,  thus  speaks  of  these  isle*  in  the  Gulf  of  Finland  in  a  letter  to  Mr. 
Murchison :— "  In  the  middle  of  the  gulf  there  arc  two  parallel  lines  of  islets,  the  one  somewhat  to  the 
north  of  the  other.  These  latter,  embracing  the  isles  of  Ncrva,  Sommcr,  Hochland  and  Rodscher,  con- 
stitute a  series  of  porphyritic  eruptions.  Hochland  is  essentially  composed  of  porphyry  and  greenstone. 
Sommer  and  Rodscher  contain  porphyry  only ;  and  though  I  was  unable  to  land  on  Ncrva.  I  was  suffi- 
ciently near  to  it  to  induce  me  to  believe  that  it  also  is  porphyritic.  All  these  porphyritic  isles  have  worn 
and  striated  surfaces,  here  and  there  covered  with  a  quantity  of  erratic  blocks,  among  which  the  variety 
of  Finnish  granite  called  ■  Rappakivi'  prevails.  The  southern  range  of  isles  nearer  to  the  mainland  and 
parallel  to  it  are  mere  sandy  dunes  covered  with  blocks." 
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with  some  exceptions  not  far  removed  from  this  northern  frontier  line,  all  the  great 
transverse  dislocations  cease  in  the  succeeding  sedimentary  formations ;  for  in 
tracing  the  Devonian  and  Carboniferous  rocks  from  the  slopes  of  the  Valdai  Hills 
to  the  mouth  of  the  great  Dwina,  no  great  upheavals  have  occurred  ;  and  with  this 
absence  of  elevation  no  transverse  fissures  are  visible,  and  the  whole  region  is  void 
of  a  trace  of  eruptive  rocks.  To  feebler  exertions  of  the  same  influence  whereof 
we  have  been  speaking,  we  shall,  however,  presently  advert  in  describing  the  Silu- 
rian strata  near  St.  Petersburgh  (sec  p.  31). 

Silurian  Rocks  of  St.  Petersburgh  and  the  Baltic  Russian  provinces  (see  Map, 
PI.  VI.,  with  tabular  view  on  the  right,  and  Section  across  Russia  beneath). — The 
oldest  rocks  in  Russia  containing  organic  remains  form  one  great  series,  whose 
different  members  have  a  certain  affinity  in  their  zoological  contents,  yet  exhibit 
marked  distinctions,  and  arc  clearly  separable  from  each  other  by  superposition, 
imbedded  fossils,  and  lithological  characters.  In  the  north-western  regions  of 
Russia  they  are  composed  of  three  zones,  synchronous  with  those  rock-systems  of 
the  British  Isles  and  Western  Europe  to  which  the  terms  Silurian,  Devonian,  and 
Carboniferous,  have  been  applied.  A  fourth  system  of  this  series,  largely  spread 
out  over  the  eastern  countries  of  Russia  in  Europe,  is  that  which  we  have  termed 
Permian.  Our  actual  knowledge  of  these  rocks  in  olher  parts  of  the  world  has 
been  sketched  in  the  first  chapter;  and  in  the  sequel  we  shall  describe  their 
succession  in  order  of  time,  as  well  as  their  passage  from  inferior  to  superior 
formations,  each  characterized  by  typical  fossils.  The  complete  description, 
however,  of  these  remains,  particularly  in  reference  to  many  species  not  pub- 
lished by  other  authors,  will  form  the  chief  part  of  the  appendix  to  this  volume, 
and  the  third  part  or  second  volume  of  our  work.  In  the  meantime,  the  remain- 
der of  this  chapter  is  devoted  to  the  consideration  of  the  oldest  or  Silurian  group 
of  these  deposits,  as  developed  in  the  Baltic  provinces  of  Russia. 

The  geologist  who  has  formed  his  ideas  of  the  older  palaeozoic  rocks  from  the 
splendid  examples  they  offer  to  his  inspection  in  the  British  Isles,  where  they 
attain  a  vertical  thickness  of  several  thousand  feet,  may  well  be  disappointed  when 
he  first  surveys  their  equivalents  in  Russia.  Instead  of  the  mountain  masses,  fre- 
quently in  a  subcrystallinc  condition,  and  often  highly  dislocated,  to  which  he  has 
been  accustomed,  he  sees  before  him  very  low  undulating  hills  only,  whilst  ravines 
of  little  depth  occasionally  expose  horizontal  beds  of  soft  clay,  incoherent  sand- 
stone, and  slightly  consolidated  limestone  and  shale ;  the  whole  differing  little  in 
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external  aspect  (in  some  instauces  not  at  all)  from  the  tertiary  and  cretaceous 
rocks  which  are  spread  out  around  the  estuaries  of  many  parts  of  Europe. 

Little  elevated  ahove  the  Baltic  sea,  the  Neva,  and  other  tributary  rivers  of  the 
northern  watershed  before  alluded  to,  the  calcareous  or  harder  portion  of  these 
Silurian  rocks  constitutes,  in  fact,  a  low  terrace,  the  strata  of  which,  whether  abso- 
lutely horizontal,  occasionally  undulating  and  even  partially  dislocated,  or  almost 
imperceptibly  inclined  to  the  south  and  south-east,  are  surmounted  towards  the 
interior  by  other  masses,  which  represent  the  Old  Red  Sandstone  or  Devonian 
system  of  English  geologists. 

Whatever  may  be  the  thickness  of  these  deposits,  they  thus  cover  a  large  area, 
and  offer  numerous  points  for  examination  and  comparison,  wherever  they  can  be 
detected  beneath  the  superficial  detritus.  And  although  this  detritus  is  a  great 
impediment  to  clear  observation,  a  large  portion  of  it  has  a  direct  connexion  with 
the  true  subsoil.  Abstracting  the  erratic  northern  blocks,  sand  or  gravel,  often 
accumulated  in  patches,  and  which  will  be  described  in  the  concluding  chapters,  a 
practised  geologist  can  form  a  tolerably  correct  estimate  of  the  nature  of  the  sub- 
strata, by  the  colour  and  aspect  of  the  broken  materials  upon  the  surface.  In 
other  words,  much  of  the  drift  is  merely  local,  and  the  subjacent  rocks  have  been 
so  worked  up,  as  to  give  a  dominant  colour  to  the  outline  of  each  geological  tract. 
Thus  the  Silurian  zone  of  the  Baltic  provinces  is  at  once  distinguished  by  its  dull 
light  grey  colour,  from  the  red  (Devonian)  zone  of  Livonia  and  Novogorod,  which 
lies  to  the  south  of  it. 

As  developed  in  the  government  of  St.  Petersburgh  the  Silurian  or  grey  zone 
consists,  in  an  ascending  order,  of  the  following  subformations : — 1.  Blue  Shale  or 
Clay.  2.  Ungulite  Grit  and  Bituminous  Schist.  3.  "  Pleta,"  or  Orthoceratite 
Limestone. 

This,  in  truth,  is  the  exact  order  long  ago  pointed  out  by  an  English  geolo- 
gist. So  early  as  the  year  1819,  and  long  therefore  before  anything  like  the  true 
general  succession  of  the  lower  or  transition  formations  had  been  ascertained,  the 
physical  features  of  the  environs  of  St.  Petersburgh  and  the  ascending  order  of  the 
strata  were  correctly  and  even  minutely  laid  down  upon  maps  and  described  by 
Mr.  Strangways'.  That  author  showed,  that  the  lowest  stratum  wa9  a  blue 
clay,  which  occupying  all  the  flat  country  around  the  metropolis,  was  seen  in  cer- 

1  Trans.  Geol.  Soc.,  1st  Series,  vol.  v.  pp.  382,  392  et  irq.  (See  remarks  on  the  successive  and  subse- 
quent contributions  of  other  authors  in  the  Preface.) 
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tain  ravines  (particularly  in  all  those  occupied  by  the  brooks  which  descend  from 
the  plateau  on  the  south)  to  be  overlaid  by  sands  and  schists,  to  which  he  gave  the 
name  of  the  "intermediate  bed,"  because  it  lay  between  the  clay  of  the  valleys 
and  the  limestone  of  the  upper  tracts  or  "pleta"  of  the  Russians.  In  the  lowest 
of  these  bauds  no  fossils  were  then  known,  and  since  then  they  have  only  afforded  a 
few  fucoidal  impressions.  In  the  intermediate  bed,  however,  Strangways  recognised 
shells  which  he  termed  "  chamites,"  and  these  were  subsequently  described,  first 
under  the  name  of  Obolus  by  Eichwald,  and  afterwards  as  Ungulites  by  Pander. 
The  third  formation  in  ascending  order,  or  that  of  the  "  pleta"  limestone,  is  that  in 
which  the  great  mass  of  the  fossils  of  the  government  of  St.  Petersburgh  have  been 
found,  mauy  of  which  have  since  been  made  known  through  the  works  of  Pander 
and  Eichwald.  and  on  these  we  shall  hereafter  ddate.  Those  who  wish  tu  make  a 
detailed  study  of  the  environs  of  St.  Petersburgh  cannot,  therefore,  do  better  than 
take  the  maps  and  sections  of  Mr.  Strangways  in  hand,  and  apply  to  his  faithful 
and  beautiful  sketches  of  the  ravines  and  valleys,  the  pahxontological  knowledge 
since  obtained,  which  enables  us  to  show,  that  this  group  of  strata  fairly  represents 
the  Lower  Silurian  rocks  of  Scandinavia  and  the  British  Isles. 

This  group  occupies  a  zone  varying  from  forty  to  sixty  miles  in  width  in  the 
government  of  St.  Petersburgh.  To  the  west  it  is  clearly  exposed  in  the  cliffs  of  the 
Gulf  of  Finland  and  Reval,  and  in  the  south  of  Esthonia  and  the  government  of 
Kovno  is  surmounted  by  sandy  beds  and  limestone  with  Pentameri  ;  whilst  the  isles 
of  Oesel  and  Dago  consist  of  still  younger  limestone  laden  with  corals,  and  repre- 
sent the  Upper  Sdurian  rocks.  (See  tabular  view  to  the  right-hand  of  the  Map, 
PI.  VI.)  To  the  east-north -east  the  continental  or  lower  group  traverses  the  rivers 
Slavenka,  l6hora,  Tosna,  Volkof,  and  Siass,  and  is  lost  under  the  northern  drift 
beyond  the  fifty-first  degree  of  east  longitude.  It  is  afterwards  deflected  to  the 
east-north-east,  and  is  next  found  in  the  altered  form  before  alluded  to,  in  asso- 
ciation with  the  intrusive  rocks  north  of  Petrozavodsk,  and  is,  as  far  as  we  know, 
no  further  traceable  in  the  low  tracts  forming  the  coasts  of  the  White  Sea.  We 
shall  first  describe  the  Lower  Silurian  strata  where  we  examined  them  in  the 
ravines  and  hills  south  of  St.  Petersburgh,  and  on  the  banks  of  the  rivers  Tosna, 
Volkof,  and  Siass,  afterwards  following  them  along  the  cliffs  of  Esthonia  and  into 
Lithuania,  the  Isles  of  Oesel  and  Dago. 

Excepting  some  dislocations  in  the  hills  south  of  St.  Petersburgh,  to  be  hereafter 
spoken  of,  these  Lower  Silurian  strata  are  generally  inclined  to  the  south-south- 


BLUE  CLAY  OF  ST.  PETERSBURG  H. 


26* 


east  at  an  angle  of  about  2°  or  3°  only ;  an  inclination  indeed  for  the  most  part  so 
slight,  as  scarcely  to  be  measurable  by  a  clinometer.  With  such  a  feehle  dip 
the  true  direction  could  only  be  detected  by  observing  those  points  on  the  rivers 
Tosna,  Volkof ,  and  Siass,  at  which  the  Silurian  group  passed  successively  under  the 
overlying  Devonian  rocks,  and  they  were  thus  found  to  range,  as  before  said,  from 
west-south-west  to  east-north-east,  or  parallel  to  the  Gulf  of  Finland  and  the 
shores  of  Esthonia. 

1.  Blue  Clay. — The  oldest  beds  of  this  zone  which  arc  visible,  consist,  as  before 
said,  of  clay  which  occupies  the  low  country  on  each  side  of  the  delta  of  the  Neva. 
This  clay  or  shale  is  often  of  a  pale  greenish  or  bluish  grey  colour,  in  which  respect  it 
is  not  unlike  some  of  the  soft  shales  or  mudstones  of  the  Silurian  series,  though  it 
varies  in  being  partially  sandy,  occasionally  slightly  micaceous  and  streaked. 
Certain  yellow  argUlaceous  veins  which  are  peculiar  to  it  ou  the  sides  of  the 
Cocrovca  ravine  near  St.  Petersburgh  are  described  by  Mr.  Strangways,  and  it  is 
unnecessary  that  we  should  here  enlarge  on  points  of  this  nature,  since,  in  common 
with  that  author,  we  have  not  been  able  to  observe  in  this  stratum  any  organic- 
remains,  except  a  few  fucoids,  which  M.  Pander  has  kindly  submitted  to  us'. 
Though  a  small  thickness  only  of  this  clay  is  visible  in  any  natural  section,  it  has 
been  pierced  in  search  of  water  to  several  hundred  feet  in  depth,  both  in  the  vicinity 
of  the  metropolis  and  at  Reval,  without  offering  any  notable  difference  in  the  beds 
traversed,  except  a  few  occasional  sandy  courses.  This  fact  and  the  absence  of  all 
traces  of  animal  remains  are  of  high  geological  importance ;  and  as  a  few  fucoids 
only  have  been  detected  in  this  deposit,  that  underlies  a  zone  which  unquestion- 
ably contains  fossils  belonging  to  the  very  oldest  known  Silurian  or  protozoic 
type,  we  may  fairly  believe  that  this  band,  like  the  Swedish  fucoid  sandstone,  is 
the  true  base  of  the  palaeozoic  scries,  as  indicated  by  a  gradual  dwindling  out  of 
animal  life  in  the  lowest  sedimentary  deposit  of  a  region,  where  no  eruptions  have 
taken  place,  and  where  the  strata  are  wholly  unaltered. 

If,  owing  to  the  absence  of  elevatory  movements,  the  bottom  of  the  shale  is 
unknown,  the  relations  of  its  upper  part  to  the  overlying  strata  are  satisfactorily 
seen  on  the  sides  of  several  rivers  and  water-courses,  as  also  in  many  of  the  ravines 

1  This  clay  is  not  only  exceedingly  useful  in  the  manufacture  of  bricks,  coarse  pottery,  &c,  but 
from  the  very  fine  levigation  of  its  particles,  is  also  an  excellent  material  for  casts  in  sculpture,  find  i» 
largely  used  for  that  purpose  in  St.  Petersburgh.    When  moist  it  has  the  greenish  tint  of  many  of  the 
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which  intersect  the  line  of  hilly  grounds  extending  from  Czarskoc-cclo  to  Duderhof, 
where  it  is  seen  to  crop  out  from  beneath  low  promontories  of  superjacent  sandstone 
and  limestone.  The  general  order  of  the  strata  from  Petersburgh  on  the  north  to 
the  hills  of  Czarskoc-cclo  on  the  south  is  sufficiently  expressed  in  this  woodcut. 

Hill»  el  lunkot-cdo. 


The  backwardness  of  the  vegetation  on  the  argillaceous  tract  near  St.  Peters- 
burgh may  with  great  reason  be  attributed  to  the  influence  of  a  subsoil,  so  retentive 
of  moisture,  wherever  its  surface  is  not  ameliorated  by  a  cover  of  northern  drift, 
the  sandy  portions  of  which  aflbrd,  on  the  contrary,  a  good  drainage  and  a  healthy 
residence.  Though  differing  widely  in  age,  the  oldest  Silurian  clay  of  St.  Peters- 
burgh (the  equivalent  of  the  lowest  Silurian  slates  of  other  countries)  and  the 
tertiary  clay  of  London  produce  precisely  similar  effects.  The  English  florist, 
farmer,  and  valetudinarian,  have  long  since  learnt  to  avoid  the  heavy  and  cold 
clay,  even  where  it  rises  into  hills  around  the  English  metropolis,  and  to  prefer 
the  absorbent  gravel  and  sand  with  which  fortunately  in  so  many  parts  the  clay  is 
overspread,  and  under  which  its  noxious  qualities  are  buried.  A  similar  distinction 
is  quite  as  apparent  between  the  district  of  the  undulating  sandy  hills  to  the  north 
of  the  Neva,  and  at  Pavlosk  and  Peterhof,  and  the  lower  argillaceous  tract*  around 
St.  retersourgn. 

2.  Ungulite  Grit.—  This  sandstone,  first  described  as  "  intermediate  sandstone  " 
by  Strangways,  and  since  named  Ungulite  Grit  by  Pander  from  the  peculiar  fossil 
bivalve  which  it  contains,  is  seen  to  overlie  and  pass  down  into  the  shale,  in  the 
ravines  and  banks  of  the  brooks  on  the  south  of  St.  Petersburgh.  Its  lowest  layers 
frequently  consist  of  whitish  sandstone,  composed  of  grains  of  sand  cemented  by 
siliceous  matter,  and  in  rarer  instances  assuming  the  structure  of  a  hard  calcareo- 
siliceous  grit.  In  the  "  chatoyant "  lustre  of  their  newly-fractured  surfaces,  certain 
portions  of  the  rock,  seen  in  the  bed  of  the  Pulkovka  brook  near  Petersburgh,  very 
closely  resemble  the  slightly  calcareous  grits  of  the  tertiary  and  secondary  forma- 
tions, such  as  the  "  gres  de  Fontainebleau,"  the  concretions  of  the  Hastings  sand- 
stone of  England,  or  the  calcareous  grits  of  Brora,  and,  like  these  rocks,  such  parts 
of  the  Russian  sandstone  effervesce  slowly  with  acids. 


Digitized  by  Google 


UNGUL1TE  GRIT  OF  ST.  PETERSBURG*!. 


27* 


The  upper  strata  are  yellow  and  ferruginous,  and  are  surmounted  by  a  bitumi- 
nous schist,  which  sometimes,  indeed,  is  first  seen  to  alternate  with  the  upper 
beds  of  the  sandstone,  and  then  distinctly  to  separate  it  from  the  overlying  lime- 
stone. 

The  rock  derives  its  name  from  being  in  parts  copiously  filled  with  minute  frag- 
ments of  the  Obolus  or  Ungulite1,  which,  from  their  dark  and  shining  aspects,  give 
to  it  a  very  remarkable  aspect.  This  peculiar  rock,  which  on  the  Pulkovka  and 
Popofka  brooks  (the  first  to  the  west,  the  second  to  the  south  of  Czarskoe-celo) 
is  not  more  than  from  twelve  to  twenty  feet  thick,  expands  gradually  in  its  course 
both  to  the  east  and  to  the  west,  until  it  becomes,  in  some  places,  a  considerable 
mass.  Upon  the  Ishora*  and  Tosna  rivers  it  is  seen  to  rest  upon  the  lower  shale, 
and  to  be  capped  by  the  schist  and  limestone.  Its  lower  or  whiter  beds  are  there 
laminated  with  thin  courses  of  shale  or  impure  fuller's  earth,  whilst  the  uppermost 
bed  (which  there  alone  contains  Ungulites)  is  highly  ferruginous,  with  a  few  large 
pebbles  of  quartz.  On  the  Volkof  and  Siass  rivers,  the  Ungulite  grit  is  also  seen 
reposing  upon  the  blue  shale  ;  on  the  former,  about  two  miles  below  Starai  Ladoga, 
on  the  latter  between  Pulnitza  and  Rebrova.  On  the  banks  of  these  rivers  the 
sandstone  assumes  the  importance  of  a  distinct  formation,  and  occupies  cliffs 
upwards  of  100  feet  high,  the  lower  portion  white,  the  upper  yellow  and  ferru- 
ginous. 

On  the  Siass  it  is  composed  of  thick  bands  of  an  incoherent  sandstone  which 
weathers  to  a  white  colour  on  the  external  surface  of  the  cliff,  but  is  of  a  pinkish 
hue  when  fractured,  and  slightly  freckled  with  ferruginous  stains.  The  beds  are 
occasionally  separated  by  thin  courses  of  shale  or  clay,  and  the  whole  rests  distinctly 
upon  the  blue  clay.  Occasionally  these  ferruginous  beds  become  a  botryoidal  or 
mammillated  iron  sandstone. 

Near  Starai  Ladoga  on  the  Volkof,  the  rock  is  for  the  most  part  a  friable, 
incoherent  sandstone,  though  it  is  probable  that  if  deeply  cut  into,  it  might  afford 
a  tolerable  building-material.    In  its  range  to  the  west  it  is  often,  indeed,  more 

1  This  fossil  shell  was  first  described  by  Eichwald  under  the  name  of  Obolus,  which  we  retain  in  our 
description  of  the  organic  remains.  We  use,  however,  the  name  of  Ungulite  grit  (»o  applied  by  Pander) 
because  it  has  obtained  geological  currency.  The  multitude  of  the  small  shining  fragments  of  this 
horny  shell  might,  at  first  sight,  b«  mistaken  for  plates  of  mica,  and  we  have  already  adverted  to  shells  of 
similar  characters  in  the  oldest  Silurian  shelly  rock  in  North  America. 

•  In  one  spot  on  the  Ishora.  as  remarked  by  Strangwuys,  the  white  sand  is  so  fine  that  it  is  extracted 
fur  hour-glasses  and  writing  purposes. 
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calcareous,  frequently  concretionary,  of  a  harder  consistency,  and  apparently  of  a 
very  durable  composition.  This  is  well  seen  in  the  escarpments  on  the  banks  of 
the  river  Narva,  on  which  the  ancient  Moscovite  castle  stands,  where  a  ferruginous 
and  calcareous  cement  has  so  bound  together  the  minute  and  broken  Ungulites 
with  coarse  grains  of  sand,  that  the  faces  of  the  rock  are  quite  impervious  to  the 
action  of  the  weather.  For  a  long  time  we  supposed  that  the  Ungulites  were  ex- 
clusively found  in  the  lower  sandstone  or  grit,  but  at  Vassilkova  on  the  river  Lava 
(between  the  Volkof  and  the  Siass),  M.  Pander  has  found  them  intermixed  with 
the  Orthida»,  Orthoceratites,  Trilobites  and  Sphaeronites  of  the  overlying  pleta 
limestone  ;  the  calcareous  mass  in  which  these  remains  occur  being  superposed 
to  a  considerable  thickness  of  Ungulite  sandstone. 

With  the  exception  of  two  very  rare  species  of  Orbicula1  which  we  detected  on 
the  banks  of  the  Tosna  and  the  brook  near  Crasnoe-celo,  the  Ungulites  seem  to  be 
the  sole  tenants  of  this  sandstone.  These  fossils,  to  which  we  naturally  paid  great 
devotion,  as  being  the  most  venerable  animal  remains  of  northern  Europe,  are  not 
confined  to  one  part  of  the  rock,  but  are  scattered  throughout  it,  usually  in  vast 
quantities,  often  in  very  small  fragments,  but  at  intervals  are  better  preserved. 
On  the  Volkof  and  Siass  the  same  courses  of  clay  or  shale  are  observed  as  at  the 
Tosna,  and  the  sand-rock  is  often  of  a  delicate  pink  colour,  but  with  the  exception 
of  some  irregular  courses  of  sub-concretionary  purple  grits,  the  whole  mass  falls 
readily  to  pieces  under  the  hammer.  The  Ungulites  vary  in  their  dimensions  from 
the  size  of  a  pea  to  that  of  a  sixpence1,  and  occur  in  great  profusion.  We  refer  to 
our  description  of  these  singular  protozoic  fossils  in  the  second  volume,  merely 
observing  by  the  way,  that  they  have  not  yet  been  found  in  any  portion  of  Western 
Europe,  and  that  they  have  been  rightly  formed  into  a  genus  by  the  Russian  authors 
Eichwald  and  Pander. 

'  One  of  thc*e  we  named  after  our  eminent  friend  M.  von  Buch.  (See  vol.  ii.  and  bottom  of  the 
Table  of  fossils  attached  to  the  Map,  PI.  VI.) 

*  In  tome  rare  instances  they  reach  to  the  size  of  three-fourths  of  an  inch  in  diameter,  particularly  at 
Baltisch  Port,  in  the  cliffa  of  Esthonia.  As  in  all  »ub- formation,  which  constitute  parts  of  a  group,  the 
Ungulite  grit  or  sandstone  passes  in  some  situations  into  and  alternates  with  the  overlying  calcareous 
strata.  This  observation  was  made  by  our  friend  M.  Pander  at  Baltisch  Port  in  Esthonia,  from  whence 
we  have  obtained  rock  specimens  in  which  the  sandy  laminae  with  Ungulites  are  interlaced  with  impure 
limestone  containing  green  grains  and  fossils  of  the  overlying  "  pleta."  At  Briggetten  Kloster  and 
Baltisch  Port,  the  Ungulite  grit  has  been  found  by  Pander  to  be  occasionally  a  pebbly  rock,  in  parts  of 


which  are  pebbles  of  white  quartz,  but  the  greater  number  of  the  included  fragment,  consist  merely  of 
rounded  schist. 
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Bituminous  Schist— This  schist,  sometimes  of  darkish  green,  but  usually  of 
black  colour,  which  occurs  pretty  generally  between  the  Ungulite  grit  and  the 
limestone  (and  was  classed  with  the  former  by  Strangways),  is  mineralogically  not 
unlike  many  beds  known  in  the  carboniferous  rocks  of  England.  It  may  be  com- 
pared with  the  "  bat"  of  the  Staffordshire  coal-field,  and  might  even  be  assimilated 
to  certain  hard  beds  of  the  Kimmeridge  clay,  so  little  do  lithological  characters 
alone  enable  us  to  decide  upon  the  age  of  rocks.  It  is  specially  distinguished  by 
containing  rounded,  or  oblate  sphaeroidal  nodules,  or  calcareous  concretions,  the 
surfaces  of  which  arc  marked  by  projecting  crystals  of  calcareous  spar  and  pyrites 
radiating  from  a  common  centre.  Being  highly  carbonaceous  at  the  falls  of  the 
Sablenka,  a  tributary  of  the  Tosna,  it  is  there  partially  extracted  from  beneath  the 
limestone,  for  the  manufacture  of  coarse  pencils.  Though  this  black  schist  is  very 
persistent,  and  is  seen  in  all  the  sections  of  the  hills  which  range  from  Duderhof  to 
Czarskoe-celo,  as  well  as  on  the  banks  of  the  Volkof  and  Siass  rivers,  it  is  of  incon- 
siderable thickness,  and  seldom  contains  organic  remains.  In  Esthonia,  however, 
where  it  is  in  parts  highly  bituminous,  a  few  graptolites  and  organic  remains  have 
been  discovered  in  it. 

3.  "  Pitta,"  or  Orthoceratite  Limestone. — Occasionally,  as  on  the  Pulkovka 
brook,  beyond  the  observatory,  and  again  on  the  Popofka,  a  feeder  of  the  Slavenka, 
some  of  the  bottom  layers  of  the  limestone  are  of  a  dullish  red  colour,  and  have  the 
glistening  fracture  of  a  sandy  dolomite,  but  in  general  the  lowest  strata  are  cha- 
racterized by  containing  a  profusion  of  grains  of  dark  green  mineral  like  chlorite 
in  a  light  grey-coloured  base.  According  to  the  examination  of  M.  Abich  of 
Dorpat,  it  would  appear  that  such  green  grains  arc  the  detritus  of  the  ancient 
augitic  rocks  of  the  Finnish  frontier ;  and  our  friend  M.  Wdrth  has  even  detected 
small  portions  of  malachite  and  "  blei  glanz  "  in  these  lower  beds.  In  lithological 
aspect,  however,  these  lower  beds  usually  so  resemble  the  "  craie  chloritee"  of  the 
French,  and  some  varieties  of  our  upper  greensand,  that  when  mineral  characters 
were  the  chief  guides  of  geologists,  they  were  even  supposed  to  belong  to  the  cre- 
taceous system  !  They  are  usually  separated  by  way-boards  of  reddish  and  green- 
ish-grey shale.  These  are  again  surmounted  by  a  considerable  thickness  of  dingy 
grey,  earthy,  flat-bedded  and  slightly  consolidated  limestone.  The  lower  as  well 
as  the  central  or  argillaceous  beds  of  the  limestone,  may  be  well  seen  in  the  ravines 
of  the  St.  Petersburgh  hills,  extending  from  Czarskoe-celo  to  the  hills  of  Duderhof, 
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viz.  on  the  banks  of  the  Pulkovka  and  Popofka  brooks,  and  on  the  banks  of  the 
Tosna. 

It  is  in  these  districts  that  the  greater  number  of  the  Lower  Silurian  fossils  of 
Russia  have  been  obtained,  many  of  which  are  figured  in  the  works  of  Pander  and 
Eichwald'.  In  the  beds  exposed  on  the  sides  of  the  Pulkovka  brook,  we  collected 
the  following  fossils:  Lingula  longissima  (Pand.),  Orthu  obtusa  (Pand.),  0.  colli- 
gramma  (Dalm.),  0.  inflexa  (Pand.),  0.  adscendens  (Pand.),  O.  hemipronites  (V.  Buch), 
Leptama  imbrex  (Pand.) ,  Orthoceratites  vaginatus  (Schloth.),  0.  duplex  (Wahl.),  Illcs- 
nus  crassicauda  (Dalm.),  and  Asaphus  expansus  (Dalm.).  All  the  valuable  specimens 
(some  of  them  unique)  which  enrich  the  cabinets  of  St.  Petersburgh,  also  come 
from  this  and  other  ravines  in  which  the  strata  are  exposed.  Besides  the  two  usual 
above-mentioned  Trilobites,  these  strata  are  found  to  contain  other  species  already- 
known  in  Sweden  or  in  England,  such  as  Calymene  polytoma  (Dalm.),  C.  Fischeri, 
C.  sclerops  (Dalm.),  C.  Downingia  (Murch. ),  Ampyx  nasuius  (Dalm.),  Metopias  arirs 
(Eichw.),  7V.  spharicus  (Boeck),  and  very  rarely  the  Asaphus  Bucliii  and  A.  Heros 
(Dalm.),  or  tyrannus*. 

Among  the  brachiopods  from  these  spots  we  may  cite  as  particularly  worthy  of 
note  the  Spirifer  lynx{biforatus,  Schloth.),  a  species  around  which  as  a  type  many 
varieties  may  be  ranged,  the  Spirifers  of  the  group  of  S.  aquirostris  {Terebratula  equi- 
rostris,  Schloth.),  the  Siphonotreta  unguiculata,  Orthis  parva  and  Crania  antiquissima 

'  Sec  Pander,  Beit  Geogn.  Rusaland,  1830.  St.  Petersburgh ;  and  Eichwald's  works,  Oeogn.  Zool.  per 
Ingrain  marisquc  Bolt.  I'rov,,  &c,  1825  ;  Zoologia  Specialis,  1629  ;  Urwelt  des  Kusslands.  H.  1  and  2; 
and  Siluriache  System  in  Esthland,  1840.  Both  M.  Eichwald  and  M.  Pander  have  compared  the  pal«o- 
zoic  rock*  of  Esthonia  and  St.  Petersburgh  with  those  of  Sweden,  and  haTe  shown  that  the  fossils  of  the 
two  countries  are  essentially  the  same. 

•*  The  Asaphus  tyrannus  (hcrot,  Dalm.),  or  a  form  which  M.  Eichwald  thought  might  be  united  with  it, 
-  mentioned  by  that  author  as  occurring  at  Odinsholm  (Silurian  System  in  Esthland,  p.  80).  Since  then 
it  has  been  found  by  His  Imperial  Highness  the  Duke  of  Leuchtenberg  at  Grafskaya  Siavenka  as  well  a* 
the  Asaphus  Buchii,  an  important  addition  to  our  knowledge.  The  quarries  of  Grafskaya  Siavenka  and 
Fedorofski.  south  of  Czarskoc-celo,  particularly  the  former,  have  afforded  to  the  zealous  researches  of  the 
Prince  a  great  variety  of  other  fossils,  including  three  new  species  of  Trilobites.  which  he  has  named 
Asaphus  eenlron,  A.  longicauda,  A.  ht/orrhiuus,  and  Nileus  nanus.  Besides  some  species  of  Tritobites,  Or- 
thoceratites and  Testacca,  previously  named  by  M  Eichwald  and  M.  Pander,  the  Duke  has  further  disco- 
vered and  named  the  new  species  Pileopsis  borealis.  Terebratula  digitalis,  with  two  new  species  of  Crinoidea, 
one  of  which  is  termed  the  Gonocrinites  giganteus.  &c.,  &c.  See  "  Btschreibung  einiger  neuen  Thitrreste 
von  Tzarskoje-cei  von  Maximilian  Htrtog  von  Leuchtenberg"  with  a  copy  of  which  memoir  His  Imperial 
Highness  has  honoured  us. 
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(nob.).  The  ravines  in  the  calcareous  plateau  are  also  rich  in  those  peculiar 
bodies  {Cystidea  of  Von  Buch)  which  characterize  the  Lower  Silurian  rocks  of 
Scandinavia  and  Russia,  of  which  the  Spkan-onites  (Echinottpliarites)  aurantium  and 
S.  pomum  are  the  most  abundant.  With  these  are  occasionally  associated  Echino- 
encrinites  angulosus,  E.  striatus,  together  with  Cryptocrinites  cerasus  and  Hemicos- 
mites  pyriformis  (the  two  latter  being  new  species  described  by  Von  Buch).  Of 
these  the  Echinospherites  aurantium,  with  some  minute  Orthida  and  the  Favosiles 
Petropolitanus*  (Pand.),  seem  to  be  characteristic  of  the  upper  beds  exposed  in  the 
hills  of  Duderhof. 

On  the  Tosna,  a  little  above  the  village  of  Nikolskaya,  the  cliffs  present  in  one 
vertical  section  the  whole  series  from  the  top  of  the  blue  clay  at  the  base,  through 
the  Ungulite  sandstone  and  bituminous  schist  to  the  chloritic  beds,  or  bottom  of 
the  overlying  limestone.  In  the  latter  we  collected  many  specimens  of  the  small 
Orthis  obtusa  and  O.parva  (Pand.),  associated  with  the  Leptana  imbrex  (Sil.  Syst.), 
and  the  Asaphus  expansus. 

So  far,  then,  the  different  members  of  the  same  system  are  developed  at  those 
well-known  localities ;  but  before  the  period  of  our  first  visit,  no  natural  section 
had  been  discovered  which  clearly  exposed  the  relations  between  this  Lower  Silurian 
group  and  the  next  overlying  formation.  This  we  first  effected  by  an  examination 
of  the  banks  of  the  river  Volkof,  as  explained  by  the  following  woodcut. 


h.  1  S  &  5  * 

^^^^^   

m-  Blue  d*y  of  lb*  low  country  new  the  mouth  of  tht  rirer.   A.  ClJT».  ho  to  100  feci  tufh.,  at  t.' bruin*  e*H  en-i  Muwbtnue,  »Lirh  to  the  **uUi  <rf 
funu  Lftdoc*  ire  overlaid  by  bitumtooui  •chute  Irl,  *od  the  lower  mhI  upper  Uroeetone  ■  rf.  e  aa>d/;  i  the  letter  c«cvryin(r  the  cbfft  et  PctntperltMh 


We  may  here  offer  some  details  of  the  succession  of  these  calcareous  strata. 
After  passing  over  the  low  country  occupied  by  the  blue  clay  and  the  cliffs  com- 
posed of  Ungulite  sandstone,  the  banks  of  the  Volkof  show  the  superposition  of 
the  lowest  beds  of  the  limestone  to  the  bituminous  schist  and  Ungulite  sandstone. 
Such  an  order  occurs  about  three  versts  above  Starai  Ladoga,  and  on  the  right  bank 
of  the  river  opposite  the  hamlet  of  Isvosk. 


'  Mr.  Lonadalc  shows  that  this  coral.  »o  , 
aUo,  aa  we  believe,  now  found  in  the  Lower  Silurian  of  North  Walea,  ia  a  Chateta  (acc  Appendix  A.). 

«•  2 
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g-  Thin  tab  uf  imjiurr  hineaton*.  «il(-rn»LlD|E  with  dull  red  »nd  intra,  concretioruwr  marbtofte,  the  whole  mmd 
lir  drift  ti  ,  conuiaina-  granitic  ud  other  block*.—/.  I  j.|kt  ud  thin-bedded  lirneatane,  without  chlorite, 
and  ointjuamg  ftrlhorrrmtite*  rw#tnd  I »#,  l»-  dmplf*,  IU*n*M  crQvmmvd;  and  <t*aad)aca  erwwiiMu.—  #.  ChW< 
ritw  liearatowe.  in  bed*  from  lit  inch**  to  one  foot  thick,  of  light  rrer  rcsour,  in  part  earthy,  in  pan  compact, 
and  «p*rklrd  tbruuawout  with  ntuneroua  craan*  of  dark  (nam  chlorite,  •onar  of  which  are  erratalMae.  Aumi 
the  C-.il.  are  ttrtkU  , „.'iifr*mm«,  O.  oo/mu.  <J.  norr*  Pand.  ,  and  abundance  of  Tnloliun,  Am  ,,.*„,  rjjunaue 
and  JUmaw  rrauaniada.  A  few  Spbarroojtr.  are  al»  prevent,  and  on  the  eurfan  of  the  beda  arc  MM 
mark.nr.  of  fowaa.  (  -rf  nttununo*.  acblat.  with  concretion,  of  caldron.  .par.-r.  Ferruinncn.  gr>t  w,th  I  n. 
rulua.-.  and  6  fellow  «u*i.  and  aandatooe.  and  whtbah  incoherent  taodrtoee.  Th.  eM  »  about  aut,  feet 
high. 

Other  beds  of  highly  argillaceous  limestone,  superior  to  those  represented  in  the 
above  woodcut,  and  forming  the  central  mass  of  the  deposit,  occupy  the  cliffs 
between  Isvosk  and  Petropavlosk,  and  are  largely  excavated  for  the  manufacture 
of  hydraulic  cement.  In  these  quarries  we  found  several  fossils  similar  to  those 
of  the  lower  limestone  at  Isvosk,  viz.  Asapkus  expansus,  IlUenus  crossicauda,  Ortho- 
ceratites  vaginatus  and  0.  duplex ;  and  in  addition  to  them,  Orth.  bacillus,  Euom- 
phalus  qualteriatu8  (Schloth.),  Siphonotreta  verrucosa  {Lingula,  Pand.),  Leptrina  im- 
brex (Pand.},  &c.    Fucoid-like  bodies  also  occur  upon  the  surfaces  of  the  strata1. 

At  Petropavlosk,  where  the  cliff  rises  to  a  greater  altitude  than  in  any  other 
part  of  the  river-banks,  still  higher  strata  appear,  and  these,  sloping  away  at  an 
almost  imperceptible  angle  to  the  north  of  the  village  of  Bor,  pass  under  certain 
red  and  green  strata  which  are  the  lowest  beds  of  the  Devonian  system.  Like  the 
highest  strata,  which  arc  exposed  in  the  hills  of  Duderhof  near  Petersburgh,  these 
upper  limestone  beds  on  the  Volkof  contain  Sphseronites  in  vast  abundance, 
particularly  the  S.  aurantium,  together  with  the  Cfuetetes  Petropolitanus,  and  a  few 
small  Orthida. 

On  the  Siass  we  observed  a  succession  of  the  lower  formations  precisely  similar 
to  that  which  is  exposed  on  the  Volkof  and  at  Rebrova,  where  quarries  of  the 
chloritic  limestone  afforded,  among  other  characteristic  fossils,  a  gigantic  specimen 
of  the  Asapkus  expansus.  In  recently  ascending  the  banks  of  this  river  above  the 
point  of  our  united  explorations  in  1840,  we  also  obtained  unequivocal  proofs  of 
the  Lower  Silurian  strata  being  at  once  overlaid  by  true  Devonian  beds  between 
the  villages  of  Siaski,  Rodok  and  Buyanetz*.  The  lower  strata  there  consist  of 
calcareous  flags  alternating  with  red  and  green  marl,  overlaid  by  a  limestone  with 
small  concretions,  and  loaded  with  Orthis  calligramma  (Dalm.),  0.  plana,  0.  inflexa, 
O.  extensa  (Pand.),  Asapkus  expansus,  Orthoceratiles  vaginatus,  Chatetes  Petropoli- 

'  Colonel  Helmersen  discovered  traces  of  copper  ore  in  these  limestones  of  the  Volkof. 
'  Observation  of  Count  Keyserluig. 
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tanus,  &c.  This  perfectly  characterized  Lower  Silurian  band  is  at  once  conform- 
ably surmounted  by  other  red  and  green  marls  with  calcareous  flags,  followed  by 
micaceous  brownish-red  sandstone  and  other  marls  and  flags ',  and  in  this  group 
are  the  following  true  Devonian  types,  viz.  Orthis  striutula  (Schloth.),  Terebraluta 
Livonica  (V.  Buch.),  Spirifer  muralis  (nob.),  Orthoceralites  cochleatum  and  Serpula 
omphalotes ;  with  which  species  are  mingled  fragments  of  ichthyolites,  such  as  Den- 
drodus  and  a  remarkable  species,  of  which  we  shall  speak  in  the  next  chapter  as 
having  been  been  first  found  on  the  river  Siass  by  Mr.  Strangways,  Placosteus 
meandrina  (Ag).    (See  note,  p.  47.) 

The  same  flaglike  structure  of  the  upper  calcareous  beds,  which  is  apparent  on 
the  banks  of  the  Volkof  and  the  Siass,  is  also  seen  on  the  Vloia,  a  small  tributary 
of  that  river,  and  at  about  twenty-five  versts  north  of  the  junction  before  alluded 
to,  where  these  Silurian  flags  rise  out  by  an  undulation,  from  beneath  a  trough  of 
Devonian  strata,  and  occupy  a  low  dome  near  the  village  of  Possobea,  as  repre- 
sented in  this  figure. 


s. 


Lover  Silurian.  Detonaan.  Dome  of  Lower  Silurian  flag*. 

These  uppermost  Silurian  beds  arc  yellowish  and  white,  sandy,  calcareous  flag- 
stones, in  parts  having  a  delicate  green  tint.  They  contain  several  fossils  which 
clearly  refer  them  to  the  Lower  Silurian  group  j  such  as  Orthis  adscendens,  and 
two  other  species  of  this  genus;  together  with  a  Terebratula  and  a  Trilobite 
closely  approaching  to  the  Asaphus  expansus. 

Dip,  Undulations,  and  Dislocations  of  the  Strata. — It  was  in  the  quarries  of  the 
hydraulic  limestone,  north  of  Petropavlosk,  that  we  first  ascertained  the  very  slight 
inclination  of  the  strata  to  be  towards  the  south-south-east.  Large  surfaces  of  the 
rock  being  laid  bare,  we  perceived  that  the  rain-water,  which  had  recently  fallen, 
flowed  slowly  to  the  south-south-east,  and  lodged  against  the  edges  of  the  unquar- 
ried  rock  in  that  direction".  The  clear  continuous  section  of  the  Volkof  obviates, 
however,  the  necessity  of  such  a  test,  even  where  the  clinometer  may  fail  to 
register  the  inclination  ;  for  though  some  difficulty  may  exist,  when  one  vertical 
face  of  rock  only  is  examined,  the  geologist  who  views  at  a  coup-d'wil  the  strata 

1  M.  Pander,  we  may  further  observe,  ha*  recently  observed  a  similar  junction  of  Lover  Silurian 
with  Devonian  on  the  banks  of  the  river  Loya.  a  feeder  of  the  Lake  Ladoga,  thirty-six  i 


•  A  similar  experiment  gave  a  like  result  in  the  limestone  quarries  on  the  river 
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exposed  for  several  miles  on  the  banks  of  this  straight-flowing  stream,  can  recog- 
nise, without  hesitation,  their  order  and  succession,  as  indicated  in  the  little  pre- 
ceding woodcut.  Looking  southwards  from  the  abrupt  cliff"  at  Petropavlosk,  he 
sees  the  upper  beds  of  the  grey  Silurian  rocks  declining  gradually  in  the  distance 
till  they  are  overlapped  by  the  red  Devonian  beds. 

Whilst  we  speak  of  a  very  slight,  general  inclination  to  the  south-south-east,  we 
must  explain,  that  we  believe  it  to  be  often  accompanied  by  broad  undulations, 
sometimes  leaving  the  strata  in  almost  horizontal  positions,  and  at  other  times 
producing  domes  and  troughs  like  those  on  the  Volkof  and  Vloia,  to  which  we  have 
just  adverted.  It  will  hereafter  appear,  that  such  undulations  occur  also  in  the 
Devonian  rocks  of  Courland,  and  in  other  districts ;  and  we  would  now  show,  that 
in  certain  tracts,  the  movement  of  the  strata  has  proceeded  to  such  an  amount 
as  to  produce  considerable  dislocations. 

Although,  therefore,  we  have  spoken  of  the  horizontality  of  the  Silurian  rocks,  we 
must,  therefore,  except  from  this  remark  some  of  the  beds  which  are  exposed  in 
the  ravines  of  the  hilly  grounds  watered  by  the  Pulkovka  brook  to  the  south  of 
St.  Petersburgh,  i.e.  between  the  Duderhof  Hills  and  Czarskoe-celo.  The  sections 
of  Mr.  Strangways  established  by  clear  evidences,  that  the  strata  on  the  sides  of 
this  rivulet  are  fractured  and  thrown  into  rapid  undulations',  which  M.  Pander  has 
since  sought  to  prove  might  be  explained  by  subsidence  and  derangement  of  the 
inferior  clay.  To  us,  however,  it  is  manifest,  that  the  dislocations  on  the  Pulkovka 
cannot  be  referred  to  such  a  cause.  The  breaks  and  repetitions  seen  along  the 
sides  of  the  little  valley,  from  above  the  village  to  a  verst  or  two  below  it  (as  ex- 
pressed in  the  following  woodcut),  can,  we  contend,  be  alone  explained  byelevatory 
movements*. 

SECTION  ALONG  THE  PULKOVKA  BROOK.  5*. 

EWE.  W.S.W. 


r.  Bitumuwua «fciit-  a.  Blued*?. 

1  GeoL  Trans.,  old  aeries,  vol.  v.  pL  25  and  26. 

'  Colonel  Helmerten  has  well  remarked,  that  the  blue  clay  rises  to  a  much  higher  level  to  the  south  of 
St.  Petersburgh  than  in  Esthonia,  and  he  accounts  for  this  fact  as  well  as  for  these  dislocations  by  eleva- 
tion.— Ann.  de.  Mines  de  Rutrie,  1838,  p.  102.  M.  Pander  was  formerly  disposed  to  attribute  the  con- 
tortions and  dislocations  on  the  Pulkovka  to  subsidences  caused  by  the  conflagration  of  the  bituminous 
and  pyritous  schists  beneath  the  limestone ;  but  we  apprehend  that  with  the  present  amount  of  evidence 
he  would  no  longer  adhere  to  that  idea. 
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That  such  rapid  undulations  and  breaks  (though  partial  exceptions  when  such 
a  large  surface  as  Russia  is  considered)  are  due  to  disturbances  of  the  strata  by 
elevations  from  beneath,  we  have  further  satisfied  ourselves  by  an  examination  of 
the  banks  of  the  Popovka  rivulet  to  the  south  of  Pavlosk.  This  stream,  which  falls 
into  the  Slavenka,  occupies  a  longitudinal  chasm,  which  as  nearly  as  possible  coin- 
cides with  the  general  direction  of  the  strata  in  the  environs  of  St.  Petersburgh,  or 
from  west-south-west  to  east-north-east.  Near  the  plateau  from  which  the  water 
descends,  the  pleta  limestone  lies  in  great  horizontal  masses,  and  is  thus  observed 
to  fold  over  in  gentle  undulations,  which  so  increase  in  measure  as  they  approach 
the  village  of  Popovka  as  to  form  a  complete  arch,  as  represented  in  the  following 
woodcut.  By  this  curvature  the  UnguUte  sandstone  (b),  with  the  bituminous  schist 
(c)  over  it,  is  thrown  up  in  an  arch,  over  which  the  pleta  limestone  (d)  folds  rapidly 
over  to  the  east,  and  is  seen  in  highly  inclined  beds  at  the  little  bridge.  After 
several  minor  flexures  a  decided  transverse  fault  is  exposed  in  a  low  hill,  and 
winding  along  another  denudation,  the  cliff  on  the  right  bank  is  a  marked  and 
decided  elevation,  called  the  Pastor  Hill,  from  sixty  to  seventy  feet  above  the 
water.  Here  the  great  mass  of  the  "  pleta  "  limestone,  rising  gradually  to  the 
west,  is  again  regularly  succeeded,  first  by  the  bituminous  schist  (c)  and  Ungulite 
sand  (6),  and  finally,  near  the  village  of  Poselevo  or  Peselova,  by  the  lower  shale  («), 
which  there  is  of  a  greenish  tint. 

6. 


F.N.E.  PaMorHiil.  PupxU.  WM.W. 


No  geologist  can  view  these  sections  without  admitting,  that  they  exhibit  clear 
evidences  of  dislocation.  When,  indeed,  it  is  seen  that  the  brooks  of  Pulcovka  and 
Popovka  both  run  in  rents  nearly  parallel  to  the  general  strike  of  the  formation,  and 
that,  though  separated  from  each  other  by  a  space  of  twelve  or  fifteen  versts,  they  so 
exhibit  the  same  violent  transverse  flexures  and  even  fractures,  that  those  of  Pul- 
covka, when  prolonged,  coincide  with  those  of  Popovka,  no  doubt  can  be  enter- 
tained that  they  have  resulted  from  the  same  operation.  In  truth,  the  axis  of 
these  arches  and  the  direction  of  the  faults  are  from  north-north-west  to  south-south- 
east, or  directly  at  right  angles  to  the  general  bearing  of  the  formations,  and  we 
therefore  feel  confident,  that  such  dislocations  athwart  the  prevailing  line  of  eleva- 
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tion  of  the  mass,  must  be  viewed  as  parts  of  the  same  phenomenon  to  which  we 
have  alluded  as  occurring  all  along  the  Finnish  and  Lappish  frontier,  and  of  which 
the  isle  of  Hochland  in  the  Gulf  of  Finland  is  the  prominent  sign  upon  the  west. 
In  a  word,  we  regard  all  the  transversal  valleys,  by  which  numerous  streams  flow 
from  the  palaeozoic  plateau  on  the  south  to  the  Gulf  of  Finland,  as  having  been  de- 
termined at  the  time  when  that  plateau  was  raised,  and  subjected  to  a  tension  by 
which  it  was  transversely  broken.  The  causes  of  this  elevation  are  to  be  sought 
in  the  same  expansive  forces  through  which  the  plutonic  and  eruptive  rocks  have 
found  an  issue  to  the  north  ;  and  which,  though  suppressed  in  the  more  southern 
tracts,  have  manifested  their  influence  in  the  transverse  domes  and  Assures  we  have 
just  described.  We  further  believe  that  these  upheaving  causes  have  been  mainly 
instrumental  in  the  formation  of  the  larger  river  gorges,  and  even  perhaps  in  deter- 
mining the  great  transverse  depression  of  the  Lake  Peipus  (see  Map).  These  phe- 
nomena afford,  therefore,  we  repeat,  a  confirmation  of  the  views  of  fracture  as 
resulting  from  elevation,  to  which  we  have  previously  referred,  p.  24  et  seq. 

Now  here  we  must  observe,  that  the  strata  thus  affected  in  the  government  of 
St.  Petersburgh  are  precisely  of  the  same  age  as  those  which  at  Kinnekulle,  the 
BilUugen  Hills,  and  other  places  in  Sweden  have  been  perforated  and  covered 
by  basaltic  trap,  and  which  on  the  Lake  Wettern  we  have  shown  to  have  under- 
gone great  flexures  and  breaks  (p.  17).  But  whilst  we  speculate  on  some  of  the 
ancient  movements  which  affected  this  region  and  parts  of  Sweden  having  taken 
place  after  the  completion  of  the  Lower  Silurian  group  and  before  the  accumula- 
tion of  the  Upper, — movements  by  which  it  was  placed  beyond  the  influence  of  the 
waters  wherein  the  Upper  Silurian  strata  were  accumulated,  and  which  seem  to 
have  increased  in  intensity  from  south-west  to  north-east,  we  must  admit  that  the 
breaks  and  contortions  which  have  just  been  described  may  have  occurred  at  a 
much  more  recent  period,  or  after  the  consolidation  of  the  carboniferous  rocks. 
This  opinion  is  grounded  on  the  facts,  that  along  the  northern  frontier  (p.  23*)  the 
Devonian  strata  are  equally  metamorphosed  as  the  Silurian  ;  and  that  the  carboni- 
ferous limestone  of  the  Valdai  Hills  has  also  been  affected  by  similar  transverse 
breaks,  as  will  appear  in  the  5th  Chapter.  In  short,  as  far  as  we  had  the  means  of 
determining  it,  the  amount  of  disrupture  is  frequently  coincident  with  the  height 
to  which  the  strata  have  been  elevated,  and  the  greatest  elevation  certainly  took 
place  after  the  completion  of  the  carboniferous  limestone. 

Junction  of  Lower  Silurian  with  Devonian  Strata  South  of  St.  Petersburgh. — The 
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clear  and  unambiguous  sections  of  the  Volkof  and  the  Siass  have  already  demon- 
strated, that  Lower  Silurian  limestone,  similar  to  that  of  the  hills  of  Czarskoe-celo, 
is  at  once  surmounted  by  a  red  formation  with  ichthyolites  of  the  Devonian  age. 
This  occurs  at  a  very  few  miles  only  to  the  south  of  the  section  on  the  Popofka, 
and  only  thirty-five  versts  to  the  south  of  St.  Petersburg!).  In  his  work  on  the  en- 
virons of  St.  Petersburg!),  Strangways,  who  must  have  closely  surveyed  this  district, 
has  indicated  in  his  map  the  occurrence  of  a  "red  earth  of  doubtful  character"  on 
the  sides  of  the  Ishora  river,  at  the  hamlet  of  Ontoleva. 

The  spot  thus  indicated  appears,  however,  to  have  escaped  the  notice  of  geolo- 
gists during  many  intervening  years ;  for  since  the  notice  of  it  by  Strangways,  no 
one  seems  to  have  explored  this  locality  until  M.  £ichwald  recently  visited  and 
described  its  rocks.  At  that  period  (1843,  subsequent  to  our  two  first  visits  to 
Russia),  and  after  the  existence  of  the  true  Old  Red  or  Devonian  aloug  the  southern 
frontier  of  the  Silurian  rocks  had  been  established  and  even  laid  down  by  Colonel 
Helmersen  in  a  small  general  map,  there  could  be  little  difficulty  in  asserting,  that 
this  red  earth  of  Strangways  formed  really  part  of  the  Devonian  system.  But 
M.  Eichwald  had  then  found  no  fossils  in  it.  Such,  however,  were  soon  afterwards 
discovered  by  one  of  our  own  party  (Count  Keyserling),  accompanied  by  M.  Worth, 
the  account  of  which  result  has  already  been  published  in  the  last  volume  of  the 
Mineralogical  Society  of  St.  Petersburg!).  This  sketch  further  contains  an  account 
of  the  extension  of  these  beds  high  up  the  Ishora,  thus  connecting  them  with  the 
great  mass  of  the  Devonian  system  which  we  had  formerly  recognised  and  shall 
hereafter  describe.  As  this  discovery  was  made  long  after  our  chapter  on  the 
Devonian  strata  and  a  large  portion  of  this  volume  were  printed,  and  as  another 
member  of  our  party  has  since  visited  the  principal  localities  (August  1844),  we 
deem  it  essential  to  give  a  short  account  of  the  order  of  the  strata  with  a  brief 
allusion  to  their  contents,  particularly  as  the  latter  have  thrown  new  light  upon  the 
fauna  of  the  Devonian  system. 

Inclining  very  slightly  to  the  south  or  south-south-east,  the  pleta  limestone  of 
the  plateau  of  Czarskoe-celo,  here  of  greenish  and  reddish  colours  and  loaded  with 
Orthoceratites,  and  passing  by  Grafskaya  Slavenka,  is  overlaid  by  other  beds  of 
somewhat  similar  structure,  as  exposed  near  the  hamlet  of  Ontoleva.  These  upper 
strata  are  so  perfectly  conformable  to  the  lower,  that  if  unquestionable  Devonian 
remains  had  not  been  found  in  them,  they  might  have  passed  for  some  ambiguous 
and  hitherto  undescribed  member  of  the  Upper  Silurian  group.    At  Ontoleva, 
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however,  where  they  contain  concretions  of  calcareous  spar,  these  sandy  and  marl- 
stone  beds  have  afforded  fishes'  scales  disseminated  in  a  cream-coloured  marlstone  ; 
and  on  following  them  up  the  stream  to  Marina  and  Poritz,  the  few  feet  of  marl- 
stone visible  at  Ontolcva  expand  into  cliffs  twenty  to  thirty  feet  high,  in  which 
bands  of  purple  and  grey  colours  are  found  to  be  absolutely  loaded  with  fragments 
of  ichthyolites.  Thanks  to  the  repeated  visits  and  liberal  expenditure  of  M.  Worth, 
who  encouraged  the  peasants  to  break  up  this  rock,  a  rich  collection  of  these  fossils, 
some  of  them  in  the  highest  state  of  preservation,  has  been  obtained,  a  selection 
of  which  was  transmitted  to  M.  Agassiz'. 

In  referring  our  readers  to  the  descriptions  of  them  by  that  great  authority, 
whether  in  our  second  volume  or  in  his  own  admirable  work*,  we  may  here  briefly 
state,  that  with  a  number  of  species,  identical  with  forms  of  the  Old  Red  Sandstone 
of  the  north  of  Scotland,  several  new  and  remarkable  genera  are  also  found  here. 
Of  the  former  we  may  cite  Diploptcrus  macrocephulus  (Ag.),  Glyptolepis  leptopterux 
(Ag.),  Holoplychius  Flemingii  (Ag.),  Actinolepis  (uberculatuu  (Ag.)  (a  new  genus  and 
species  common  to  Scotland  and  Russia),  Dendrodus  strigatus  (Owen),  D  rigmoides 
(Owen),  Lamnodus  biporeatus  (Ag.)  (Dendrodus  of  Owen),  L.  Panderi  or  hastatuii 
(Ag.)  (Dendrodus  of  Owen),  and  Glgptostnts  {Bothriolepw,  Eichw.)  favosus  (Ag.). 
Other  forms  as  yet  unknown  in  the  British  Isles  (though  belonging  to  typical  De- 
vonian genera  of  that  country)  are  species  of  the  genera  Onchus  and  Byssacantkus , 
Ag.,  which  with  the  Psammosteus  arenatus  (Ag.)  and  some  of  the  above-mentioned 
species  range  from  Riga  to  Andoina,  near  Vitegra,  in  the  deposits  we  shall  describe 
in  the  next  chapter  as  Devonian.  Among  the  rarer  forms  are  two  species  of  Cte- 
nodus,  a  genus  never  found  hitherto  in  any  other  system  but  the  Carboniferous, 
and  these  have  been  named  by  M.  Agassiz,  Ctenodus  Keyserlingii  and  C.  Worthii. 
Other  species  pertain  to  the  new  genera  which  that  author  terms  Homacanthus, 
Haplacantkus,  Narcodes,  Naulas,  Cladodus,  &c. 

These  ichthyolites,  like  those  mentioned  in  the  next  chapter,  are  not  only  of 
deep  interest  from  proving  the  absolute  identity  of  the  Russian  deposit  with  the  Old 

'  The  shell*  and  other  fossils  of  the  Devonian  system  arc  mentioned  in  the  next  chapter,  and  the 
present  introduction  of  this  passage  explanatory  of  the  Devonian  rocks  of  the  Slarcnka  has  solely  been 
introduced  because  their  discovery  was  made  long  after  the  third  chapter  wa»  printed.  Higher  up  the 
Slavcnka  and  Ishora,  the  calcareous  and  marlstone  beds  mentioned  in  the  text  graduate  into  complete 
sands.  Mr.  Murchison,  accompanied  by  Count  Keyscrling,  M.  Worth  and  M.  Volborth,  examined  the 
chief  localities  of  these  Devonian  beds  at  Ontoleva,  Poritz  and  Marina,  in  August  1844. 

'  Monographic  dea  Poissons  du  Systeme  Devonien  ou  Old  Red,  liv.  iii. 
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Red  Sandstone  of  Scotland,  but  also  from  showing  the  existence  of  many  placoid 
fishes  of  the  highest  organization  in  strata  of  such  remote  age.  It  is,  indeed,  the 
more  necessary  to  dwell  upon  this  last-mentioned  feature,  since  the  Upper  Silurian 
rocks  of  the  Scandinavian  and  Russian  Isles,  though  teeming  with  other  marine 
remains,  have  not  afforded  a  trace  of  fishes,  and  that  the  ichthyolites  here  men- 
tioned lie  in  the  very  lowest  beds  of  the  Devonian  rocks  of  the  northern  continent 1 
(see  Observation  and  Postscript  at  the  end  of  this  chapter). 

Loicer  Silurian  Rocks  of  Esthonia.— The  chief  masses  of  "pleta"  limestone 
which  occur  along  the  Baltic  coast,  where  they  equally  repose  upon  the  Ungulite 
grit  and  sandstone,  and  usually  with  the  separation  of  bituminous  schist,  as  in  the 
country  already  described,  offer  few  mineral  distinctions  from  masses  of  the  same 
age  in  tbe  government  of  St.  Petersburgh.  Near  Jeive,  a  post-station  to  the  west 
of  Narva,  and  between  that  place  and  Waiwara,  the  limestone  occupying  the  sum- 
mit of  cliffs  about  150  feet  in  height,  has  a  thickness  of  from  thirty  to  forty  feet, 
and  being  in  many  parts  completely  denuded,  exposes  a  floor  of  thick,  calcareous 
flagstone,  absolutely  loaded  with  Ortboceratitcs,  among  which  the  0.  vaginatus  and 
0.  duplex  are  by  far  the  most  abundant,  one  other  6pccies,  which  is  rare,  being  the 
0.  bacillus  (Eichw.). 

Like  the  Silurian  rocks  of  England,  these  calcareous  masses  are  affected  by  sym- 
metrical, vertical  or  highly  inclined  joints,  which,  cutting  through  the  horizontal 
strata,  divide  them  into  rude  prisms.  The  chief  directions  of  these  joints  trend 
obliquely  to  the  Gulf  of  Finland,  one  set  to  the  north-east  and  the  other  to  the 
north-west,  the  line  perpendicular  to  the  re-entering  angle  being  from  north  and 
by  west,  to  south  and  by  east,  or,  in  other  words,  at  right  angles  to  the  general 
strike  of  the  formations.  The  result  of  this  crystalline  and  prismatic  division  of 
the  heavy  calcareous  roof  of  a  cliff,  the  lower  parts  of  which  arc  composed  of  inco- 
herent materials,  is  the  rapid  wearing  away  of  its  seaward  face  j  which  presents 
a  succession  of  salient  and  re-entering  angles,  like  those  seen  in  quarries  among 
jointed  rocks.  The  spectator  who  places  himself  in  the  innermost  extremity  of 
one  of  these  angles  has  on  either  side  of  him  a  beautiful  vertical  section  of  strata- 

■  He  presence  of  very  peculiar  and  small  ichthyolitea  (one  of  which  U  tbe  Old  Red  or  Devonian  genus 
Onchus)  in  the  Upper  Silurian  rock*  of  England  was  first  pointed  out  by  Mr.  Murchison  (Sil.  Syst. . 
pp.  198,  605).  Aa  yet  no  fossil  fishes  have  been  observed  in  the  Upper  Silurian  rocks  of  the  continent 
of  Europe  or  in  America,  and  in  no  country  hat  a  tract  of  them  been  heard  of  in  the  Lower  Silurian, 
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showing  the  whole  succession,  from  the  shale  beneath  to  the  limestone  on  which 
he  stands. 

>•  s  6* . 


To  the  east  of  this  spot,  where  the  calcareous  plateau  recedes  towards  the  inte- 
rior, the  river  Narva  is  precipitated  to  the  south  of  the  fine  old  castle  of  that 
name,  over  this  same  limestone,  and  the  jointed  structure  of  the  rock  has  there 
been  a  most  powerful  auxiliary  in  causing  the  retrocession  of  that  broad  and  pic- 
turesque cascade*. 

In  its  range  westward  to  Reval  and  Baltisch  Port,  the  same  rock  changes  but 
slightly  in  its  lithological  or  zoological  characters  ;  and  even  at  the  latter  place  the 
limestone  is. superposed  to  a  grit  with  Ungulites. 

To  what  extent  it  may  be  practicable  to  trace  a  direct  passage  from  the  pleta 
limestone  upwards  into  superior  strata  by  the  examination  of  the  country  west  of 
Baltisch  Port  and  opposite  to  the  isles  of  Oesel  and  Dago  (which  are,  as  we  shall 
presently  show,  essentially  composed  of  Upper  Silurian  rocks),  we  had  no  means 
of  determining.  By  observing,  however,  the  succession  between  the  cliffs  just 
described  and  the  higher  plateau  of  the  country  extending  to  the  Lake  Peipus  and 
DOrpat,  we  convinced  ourselves,  that  the  whole  lower  group  of  which  we  have 
hitherto  been  speaking,  is  there  overlaid  by  a  limestone  characterized  by  other 

1  From  the  descriptions  of  Colonel  Hclmcrsen,  it  appear*  tluit  bands  of  inflammable  bituminous  schist 
are  interpolated  with  beds  of  fossilifcroua  limestone  on  the  estate  of  Tolks,  on  the  river  Jemmbnch,  1 10 
vents  cast  of  Reval.  The  Ataphut  erpansu*  with  shells  and  corals,  &c.  arc  found  even  in  the  schist  itself. 
—Ann.  de*  Mines  de  Rustie,  an.  1838.  p.  126.  The  carbonaceous  character  of  these  beds  is  probably 
derived  from  fucoids,  as  in  the  Swedish  examples,  where  the  bituminous  schists  are  frequently  employed 
us  fuel  for  roasting  the  alum-slate. 

4  That  the  falls  of  the  Narva  are  receding  has  already  been  well  expressed  by  Colonel  Helmersen,  who 
states  that  it  is  only  a  fine  development  of  what  he  illustrates  in  detail  at  the  cascade  of  the  river  Fall  in 
Esthonia.  Alluding  to  the  Falls  of  the  Narva,  and  comparing  them  to  those  of  Niagara,  he  says  of  the 
Russian  stream,  "  Son  Ontario  est  le  Oolfe  de  Finland,  ct  son  Erie  le  lac  Peipus."  Ann.  de  Jour,  des 
Mines  de  Russie,  an.  1838,  p.  117. 
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fossils,  as  at  Kleine  Pungarn  and  Paggar1.  In  the  limestone  at  these  places  we 
could  no  longer  detect  the  characteristic  Orthoceratites  and  Trilobites  before  spoken 
of;  but  with  some  species  of  the  lower  rocks,  such  as  Spirifer  lynx  (Eichw.)  and 
Terebratula  deformata  (Eichw.),  we  also  found  the  Lepttena  depressa  (Sow.)  and 
L.  deltoidea  (Conrad).  These  beds  indicate  a  passage  into,  and  form,  indeed,  part 
of  a  calcareous  band,  which  ranges  by  Mustel  north  of  Wissenstein  in  Esthonia, 
and  reappears  in  the  government  of  Kovno'.  This  band,  like  that  which  is  in  the 
same  geological  position  in  Norway,  where  it  is  immediately  superposed  to  the  chief 
mass  of  the  Lower  Silurian  rocks,  is  here,  as  in  that  country,  characterized  by 
containing  Pentameri,  the  Esthonian  species  being  the  P.  borealh  (Eichw'.) — a 
shell  which  approaching  very  near  to  it,  is,  we  consider,  the  equivalent  of  the  P.  ob- 
longus  of  Scandinavia  and  the  British  Isles4. 

In  one  tract  north-west  of  Wissenstein,  it  would  appear  (from  a  friendly  com- 
munication of  M.  Pander)  that  the  Pentamerus  limestone  is  underlaid  by  a  course 
of  sandstone.  In  the  tract  of  the  government  of  Kovno,  where  we  observed  these 
beds,  the  upper  calcareous  strata  alone  appear  through  the  great  mass  of  overlying 
detritus.  Judging  from  the  red  colour  of  the  matrix  of  this  detritus,  and  from 
certain  cuttings  on  the  sides  of  the  new  road  between  Tauroggen  on  the  Russian 
frontier  aud  the  third  post  station,  we  were  induced  to  suspect  that  the  subsoil 
must  belong  to  the  Old  Red  or  Devonian  rocks.  This  view  was  confirmed  by  the 
relations  of  those  deposits  to  the  Lower  Silurian  rocks  in  the  government  of 
St.  Petersburgh. 

The  emergence  of  grey  Silurian  rocks  from  beneath  a  surrounding  region  of  red 
deposits  (due  probably  to  a  flexure  like  that  upon  the  Volkof,  p.  30*)  is  even  seen 
by  the  change  in  the  colour  of  the  soil  in  the  neighbourhood  of  Bublia  and  Shavli . 
The  limestone  which  gives  rise  to  this  superficial  aspect  is,  however,  worked  at 
Neici  and  Griis  to  the  west  of  Shavli  (see  Map)  in  the  extensive  domains  of  the 

1  The  residence  of  Count  O.  V.  Stackclberg. 

1  Thia  government  ha*  recently  been  separated  from  that  of  Vilna. 

'  We  had  absolutely  named  and  spoken  of  this  shell  in  print  (Proc.  Geo).  Soc.)  as  Pentammt  Lrlt  'uvt 
three  years  ago,  but  whilst  our  publication  was  in  progress  Professor  Eichwald  described  it  at  P.  borealis. 

«  We  owe  our  knowledge  of  thia  extension  of  the  Silurian  band  in  question  to  M.  Pander,  who.  when 
we  visited  him  at  Riga  (1641),  identified  the  fossils  we  had  found  at  Shavli  with  forms  known  to  him  in 
Esthonia.  We  also  learned  from  this  author,  that  at  about  forty  to  fifty  versta  north  of  the  locality  near 
Shavli,  where  we  observed  it,  thia  Pentamerus  limestone  is  exposed  from  west  to  cast  throughout  a  space 
oi  twenty  versts  in  pcriecuy  Horizontal  strata. 
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Zuboff  family,  and  doubtless  forms  part  of  the  calcareous  zone  observed  by  M. 
Dubois  de  Montpereux  at  Pocroi'.  This  limestone  is  thin-bedded,  of  grey  colour, 
in  parts  compact,  in  parts  earthy,  here  and  there  graduating  into  a  spotted  red  and 
green  rock,  with  soft  shale  partings.  The  exceptional  beds  are  yellowish,  having 
slightly  a  tnagnesian  aspect,  and  the  surfaces  are  frequently  marked  with  fucoid- 
like  bodies.  We  detected  about  fifteen  species  of  fossils  in  our  hurried  view  of  this 
deposit  (including  those  from  Meshkovitza,  north  of  Shavli),  and  among  these  are 
Pentamerus  borealis  (Eichw.),  Terebratula  Duboisi  'nob.),  Favorites  Gothlantlicut, 
Catenipora  escharoides,  Monticularia  Sternberaii  (Lons.),  Stromatopora  concentrica, 
Cyalhophyllum  ceratites  (Goldf.J,  and  fragments  of  Euomphali  and  indeterminable 
Encrini. 

On  the  whole,  it  would  appear  (though  the  western  end  of  the  tract  has  not  been 
examined  by  us)  that  in  no  part  of  the  mainland  of  the  Baltic  provinces  is  there 
any  Silurian  stratum  of  younger  age  than  the  equivalent  of  that  peculiar  lime- 
stone with  Pentameri  which  has  been  hitherto  classed  as  the  uppermost  bed  of  the 
Lower  Silurian  rocks.  In  Russia,  however,  as  in  Scandinavia,  the  fossils  of  this 
calcareous  zone  are,  as  indeed  we  should  expect  they  must  be,  of  an  intermediary 
character,  and  already  contain  some  true  Upper  Silurian  forms.  Such,  indeed, 
ought  to  be  the  case ;  for  this  limestone  is  nothing  more  than  the  bed  of  passage 
between  the  two  groups  (see  tabular  view  to  the  right  of  the  Map). 

Upper  Silurian  Deposits. — If  nowhere  apparent  on  the  mainland,  true  Upper 
Silurian  strata  are  clearly  developed  in  the  Isles  of  Oesel  and  Dago*.  Even  the 
corals*  collected  from  thence  by  M.  Eichwald  and  submitted  by  him  to  our  inspec- 
tion left  no  doubt  in  our  minds  on  this  subject  when  we  first  saw  them.  M.  Pan- 
der has,  indeed,  completely  confirmed  the  view  by  communicating  to  us  the  results 
of  his  examination  of  the  Isle  of  Oesel.  In  the  limestone  which  forms  the  funda- 
mental rock,  he  cites  the  undermentioned  fossils  : — 

Cainipora  nchanidf,  C.  labfrimlMta.  Fannin  Gothlatdica.  F.  bataUica.  F.  polymoryka.  Syrimfopora  rrhcmlala. 
9fTpf%tt  *4 ,  miifflotitPTQ I .'] ,  .Wi 1 1 '  ji <•< r'i  t~ ,  PorxtfQ  j>y i^/crrwi* ,  C  jfQtho^Mjflitn^  tttrhtMottMt,  flee. ,  Ort hoctyndtt t 


1  Sec  Karstca  Archiv.  1830,  and  Leonhard  Jahrbueh  1832.  The  Utter  contains  a  description  of  the 
fotsils  by  M.r.  Bucfa  (p.  109). 

*  From  what  M.  Eichwald  *ay»  of  the  pretence  of  the  Ilia-nut  crasticauda,  Spiri/er  lyns  and  Ortkit 
trigunula  in  the  Isle  of  Dago,  it  would  seem  that  portions  of  both  the  lower  and  upper  groups  may  there 
co-exist.  (Urwelt  des  Rosebuds.  H.  2.) 

•  These  corals  hare  been  compared  and  identified  with  typical  Silurian  forms  by  our  valued  friend 
Mr.  Lonsdale,  who  has  so  well  described  the  Silurian  and  Devonian  corals  of  England.  (See  Sil  Syst. 
p.  675.  plates  16  rt  and  Trans.  Oeol.  Soc.,  plate  58,  and  descriptions  and  figures  in  the  Appendix  (A.) 
to  this  volume.)    The  best  species  of  corals  we  possess  are  those  supplied  by  M.  Eichwald. 
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Unealiu,  Ttntaeuiiitt  ammulalus,  Calymme  SUmenbachii  var.  pulckeUa,  TmtbraluJa  diadonla  <Dalm.  and  Sil.  Sv»t.), 
T.  tumida,  T.  cwilll  (Sil.  Syat.).  Atrypa  dt(tr*»*  (Sil.  Syxt.),  A.  relieularu  or  A.  affini*  (Sil.  Syat.).  A.  didyma. 
Orlki.  orbicularis  (Sil.  Sy»t.),  ZM%r»  nlmla  (His.).  Arinla  rtticuUta  (Ilia,  and  Sil.  Svat  ).  Mya  rolundala  > 
(Sil.  Syat.),  Cardtum  slrialum  (Sil.  Syat.).  Cyatkecritittt  pinmhu. 

This  list,  prepared  by  so  good  a  paleontologist  as  M.  Pander,  at  once  establishes 
the  true  age  of  the  chief  limestone  to  be  Upper  Silurian,  and  shows  that  it  is,  as 
nearly  as  possible,  the  equivalent  of  the  Wenlock  limestone.  But  the  evidence  is 
rendered  more  decisive  when  he  tells  us,  that  the  deposit  containing  these  fossils 
is  there  surmounted  by  another  calcareous  band  in  which  occur  the  very  group  of 
organic  remains  that  characterize  the  Upper  Ludlow  rock  of  the  British  Isles,  and 
certain  tilestones  which,  though  first  classed  as  the  base  of  the  Old  Red  Sandstone, 
are,  as  we  have  said,  now  considered  to  constitute  the  highest  stratum  in  the  Silu- 
rian system'.  In  these  beds  the  Terebratula  reticularis  (vel  prised),  T.  lacunosa 
(His.),  and  T.  didyma  (Sil.  Syst.),  are  associated  with  a  Spirifer  (we  believe  the 
species  to  which  we  have  adverted  in  the  uppermost  Silurian  band  of  Norway  and 
Sweden),  and  with  these  are  the  two  very  characteristic  British  species  of  the  tile- 
stone,  Turbo  Williamsi  and  Turritella  obsoleta. 

These  evidences  are,  therefore,  quite  decisive  in  proving,  that  the  chief  deposits 
of  the  isles  of  Oesel  and  Dago  are  of  the  same  age  as  those  of  the  Isle  of  Goth- 
land ;  and  that,  distinct  from  the  paleozoic  rocks  of  the  mainlands  of  Sweden  on 
the  one  hand,  and  of  Russia  on  the  other,  they  truly  represent  the  Upper  Silurian 
group  of  the  British  Isles. 

As  geologists  we  must  further  express  our  belief,  that  the  phenomena  of  suc- 
cession in  these  regions  are  thoroughly  well  explained  by  the  signs  of  eruption  and 
elevation  which  we  have  already  described.  The  protrusion  to  the  surface  of 
igneous  rocks  in  the  fissure  of  the  Gulf  of  Finland  and  all  along  the  north-eastern 
frontier  of  the  paleozoic  deposits  of  Russia,  as  well  as  the  continent  of  Sweden,  is 
amply  sufficient  to  satisfy  our  minds  respecting  the  cause  whereby  the  most  ancient 
sea-bottoms  in  which  animals  lived,  were  raised  into  lands  on  either  side  of  the 
Baltic,  and  put  beyond  the  influence  of  those  marine  conditions  under  which  the 
Isles  of  Gothland,  Dago  and  Oesel  were  subsequently  formed  in  an  ancient  geolo- 
gical trough. 

The  ascending  succession  of  strata  which  we  have  described  in  passing  from 
east  to  west  in  the  Russian  Baltic  provinces  strongly  favours  this  view,  and  leads 


'  See  !Y'i iV.  note  l,  p.  13. 
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us  to  infer,  that  to  the  east  (in  the  government  of  St.  Petersburgh),  where  the  ele- 
vation has  been  more  powerful,  it  has  also  acted  at  a  somewhat  earlier  period  -,  for 
whilst  in  the  eastern  tracts  watered  by  the  Siass,  the  Volkof  and  Ishora,  the  pleta 
or  lower  limestone  is  at  once  surmounted  by  true  Devonian  strata,  so  as  we  proceed 
to  the  east  the  intermediate  Pentamerus  limestone  is  interpolated  between  the  two 
systems;  and,  finally,  in  the  Baltic  Isles  we  have  the  full  development  of  unequi- 
vocal Upper  Silurian  strata,  all  traces  of  which,  physical  or  zoological,  are  excluded 
in  the  government  of  St.  Petersburg!!. 

Silurian  Oryanic  Remains. — Recurring  to  the  works  of  Eichwald  and  Pander, 
and  availing  ourselves  of  the  light  recently  thrown  upon  some  of  these  forms  by 
Von  Bach,  it  will  he  our  effort  to  point  out  in  the  second  volume  the  zoological 
resemblances  and  differences  between  the  Silurian  and  other  palaeozoic  fossils  of 
Russia,  and  their  analogues  in  Scandinavia  and  Western  Europe.  In  the  mean- 
time we  may,  however,  offer  some  general  remarks  upon  the  distribution  of  the 
Silurian  fossils. 

When  the  remains  from  St.  Petersburgh,  Esthouia,  and  the  Russian  Baltic  Is'es 
are  laid  before  a  geologist  versed  in  palaozoic  forms,  he  at  once  pronounces  them 
to  belong  to  the  same  system  in  the  series,  as  that  which  has  been  named  Silurian 
in  other  parts  of  the  world,  for  he  finds  them  to  consist,  as  a  whole,  of  the  same 
profusion  of  Orthida;,  Leptaena*,  Trilobites  and  Orthoceratites.  Further,  if  his  eye 
is  sufficiently  accustomed  to  the  distinctions  indicated  by  these  fossils,  he  will  at 
once  see,  that  the  system  thus  generally  portrayed,  is  divisible  into  the  two  stages 
adverted  to,  and  which  are  the  equivalents  of  those  which  have  been  recognised  in 
Western  Europe  and  America.  Of  the  Lower  Silurian  fossils  of  Russia  a  few  only 
are,  it  is  true,  absolutely  identical  with  forms  of  the  same  age  in  the  British  Isles ; 
but  the  mass  of  them  is  essentially  the  same  as  that  of  the  main  land  of  Scandi- 
navia ;  which  region,  being  intermediate  between  England  and  Russia,  is  found  to 
contain  a  considerable  number  of  forms  common  to  deposits  occupying  the  same 
position  in  both  the  other  countries. 

On  the  present  occasion  we  shall  simply  adduce  some  of  the  leading  evidences 
concerning  these  two  groups ;  and  first,  as  to  the  Lower  Silurian. 

The  earliest  formed  palaeozoic  strata  in  Russia,  as  in  Scandinavia,  are  charac- 
terized by  fucoids  only,  and  to  this  extent  there  is  an  agreement ;  but  in  examining 
the  ascending  series,  some  differences  in  lithological  characters  are  found  to  cha- 
racterize its  subdivisions  in  the  two  countries,  and  these  variations  in  the  structure 
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of  the  masses  arc  accompanied  (as  might  be  expected)  with  corresponding  pecu- 
liarities in  the  distribution  of  their  organic  remains.  Whilst  the  lowest  stratum 
in  Sweden  is,  for  the  most  part,  a  sandstone,  and  in  Russia  a  shale  (both  void  of 
any  vestiges  of  animal  life),  we  no  sooner  ascend  into  the  overlying  sandstone  of 
the  latter  country,  than  we  find  that  its  fossils  bear  a  general  analogy  to  some 
of  the  Lower  Silurian  rocks  of  England  and  America.  The  Ungulite  or  Obolus 
which  occupies  this  sandstone  has,  indeed,  its  parallel  in  the  similarly  constituted 
horny  shell,  Lingulu  attenuata  (Sil.  Syst.),  which  is  in  some  places  copiously  disse- 
miuated  in  the  Lower  Silurian  rocks ;  and  in  America,  where  one  of  the  very  lowest 
fossil  rooks  is  a  sandstone,  the  analogy,  as  we  have  before  mentioned,  is  still  more 
strikiug.  Although  the  Orthida?  with  simple  plaits,  common  in  some  of  the  very 
lowest  Lower  Silurian  beds  of  Snowdon  and  North  Wales,  are  not  found  in  this 
Russian  sandstone,  we  have  but  to  ascend  from  it  into  the  next  fossiliferous  mem- 
her,  the  "  pleta  "  limestone,  and  we  detect  such  forms  as  the  Orthis  calligramma , 
0.  orthambonites  and  0.  moneta  ;  all  belonging  to  the  division  of  that  genus  which 
is  typical  of  rocks  of  this  high  antiqu'ty.  From  the  community  of  their  fossils, 
no  doubt  whatever  can  exist,  that  the  great  lower  limestones  of  Norway  and  Sweden, 
with  their  Trilobites  and  Orthoccratites,  are  precisely  of  the  same  age  as  the  pleta 
limestone  of  the  Russians.  But  here  it  is  well  to  observe,  that  although,  upon 
the  whole,  there  is  a  close  resemblance  between  the  lower  fossiliferous  limestone 
of  the  two  countries,  there  are  marked  distinctions  of  detail.  Thus  in  Sweden, 
the  bed  beneath  the  great  limestone  in  which  the  earliest  vestiges  of  animal  life 
have  been  seen,  is  a  black  bituminous  and  aluminiferous  stratum  with  calcareous 
courses,  in  which  peculiar  Encrinites,  Trinuclei  and  Paradoxides  or  Olenus  are 
associated  with  masses  of  fucoids ;  whereas  in  Russia  this  band,  or  one  upon  the 
same  horizon,  being  much  less  developed,  and  on  the  whole  much  less  rich  in  cal- 
careous matter,  and  rarely  affording  traces  of  fucoids,  is  to  a  great  extent  barren 
of  organic  life.  As  soon,  however,  as  we  mount  to  the  great  fossiliferous  band, 
in  which  calcarcons  matter  has  been  equally  diffused  in  the  two  countries,  the 
synchronous  deposits  of  Scandinavia  and  Russia  are  found  to  be  alike  loaded 
with  the  same  group  of  fossils,  and  to  a  great  extent  the  very  same  species. 
Thus,  among  the  Orthoceratites,  the  0.  vaginatm  and  0.  duplex,  which  are  by  far 
the  most  abundant,  though  unknown  in  the  British  Isles,  have  even  there  their 
equivalents  in  the  rarer  species  with  lateral  siphuncles.  In  Scandinavia,  however, 
where  more  typical  British  species  of  various  Lower  Silurian  genera  exist  than  in 
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Russia,  the  Orthoccratttcs  duplex  is  as  common  as  in  the  tracts  of  which  we  are  now 
treating ;  whilst  the  Russian  Orthoceraiites  vaginatus  is  represented  in  Sweden  by 
the  closely  allied  O.  trochleari*.  The  Lituites  convolvans,  it  may  be  further  stated, 
is  common  to  these  two  countries. 

The  lower  limestone  of  Russia  abounds  in  Trilobites,  two  of  the  prevailing 
species  being,  as  in  Norway  and  Sweden,  the  Asaphw  expansus  and  IlUenus  crassi- 
cauda  ;  the  former  being  the  most  abundant  in  Russia,  the  latter  in  Scandinavia. 
Referring  to  the  work  of  Pander,  in  which  some  of  the  species  are  published,  we 
may  further  state,  that  the  characteristic  Russian  crustaceans,  including  the  Caly- 
mene  Fischeri  (Eichw.j,  C.  polytoma  (Dalm.),  Ampyx  nasutus  and  Metopias  aries 
(Eichw.),  are  Scandinavian  forms,  two  of  which  have  been  described  by  Dalman, 
and  the  last  mentioned  by  Bocck.  Of  these,  the  Asaphus  exparuus  being  the  most 
profusely  distributed  in  Russia,  though  as  yet  very  rare  indeed,  if  known  at  all  in 
the  British  Isles  or  France,  we  here  annex  a  figure  of  the  usual  form  of  the  species  (4) 
of  the  following  woodcut,  adding  in  a  note  its  description  by  Dalman1.  This  species 


'  The  following  is  Dalman's  description  of  Jsaphtu  ripannu :  "  Capite  aemilunari,  augulis  posticis 
rotundatis ;  auko  lubbMaii  tnuureno  profundoque ;  line*  faeiah'  (poatice)  oblique  cxtroraum  decurrente, 
tandem  intua  flexa ;  pygidio  semi-orbiculari,  co»tis  obsoletU.  (Syn.  EmtomoslraciU$  rxyantus,  Wahl., 
and  Ataphut  conugrnu.  Brongn.)."  According  to  Dalman,  this  species  has  many  v&rietiea,  and  his  figure, 
pi.  in.  fig.  3  (c),  exhibits  one  with  prominent  eyes,  but  not  approaching  to  the  remarkable  varieties  (1) 
and  (3)  of  our  woodcut.    Utber  die  Palaaden  odcr  die  to  genannltn  Trilobiten  von  J.  W.  Dalman,  p.  45. 
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exhibits,  however,  such  remarkable  variations  in  the  eyes,  probably  due  to  the 
greater  or  lesser  age  of  the  individual,  that  we  take  this  opportunity  of  also  figuring 
a  second  example  (3),  in  which  the  eyes  project  from  the  bead  to  about  four-tenths 
of  an  inch  ,  and  thirdly,  a  case  of  extreme  projection  of  this  member  in  figure  I , 
wbicli  represents  a  very  remarkable  specimen  of  the  Asaphus  cormttus'  (Pander). 

We  have  already  said  that  the  Asaphus  Buchii  and  A.  keros  (Dalm.)  (or  tyrannus, 
Sil.Syst.),  so  abundant  in  England,  seem  gradually  to  disappear  in  the  eastward 
range  of  the  deposit.    They  are  consequently  very  rare  in  Russia. 

Among  other  Trilobites  of  this  age,  Professor  Eichwald  6peaks  of  the  Asaphus 
Vulcani,  a  species  found  in  the  Lower  Silurian  rocks  of  England,  and  we  ourselves 
recognised  the  Calymene  Downingia,  which  is  a  Dudley  fossil.  The  occurrence  of 
the  latter  is  by  no  means  hostile  to  our  views  of  classification,  for  we  now  know  that 
the  Calymene  Blumenbachii,  which  in  England  is  most  abundant  in  the  Ludlow 
and  Wenlock  formations,  there  descends  in  some  places  into  the  Caradoc  sandstone. 
The  occurrence  of  a  few  of  the  same  species  in  the  Lower  and  Upper  Silurian 
deposits,  is  indeed  just  what  may  be  looked  for  in  a  system,  which,  on  the  whole, 
is  characterized  by  a  general  community  in  its  organized  beings.  Thus  there  are 
certain  shells  as  well  as  crustaceans  which  are  common  to  the  conterminous  forma- 
tions of  the  lower  and  upper  groups  in  Russia,  Scandinavia  and  England,  and  of 
these  we  may  cite  the  Leptama  depressa  and  Terebratula  reticularis  5  shells  which 
having  a  very  wide  geographical  distribution,  are  found  to  have  also  an  extensive 
vertical  range ;  or,  in  other  words,  to  have  continued  longer  in  existence  than  their 
congeners,  in  accordance  with  a  law  to  which  we  formerly  directed  the  attention  of 
geologists*.  But  here  we  must  observe,  that  the  Silurian  rocks  of  Russia  hold  their 
place  well  in  the  general  series  of  palaeozoic  life,  and  bear  a  strong  resemblance  to 
their  equivalents  of  Western  Europe3,  in  containing  a  large  proportion  of  Orthida? 

In  addition  to  the  work  of  Pander,  in  which  many  structural  details  of  the  Russian  Trilobites  are  given, 
we  have  already  referred  our  readers  to  the  '  Siluriachcn  Schichten '  of  M.  Eichwald,  and  to  a  recent 
memoir  by  His  Imperial  Highness  the  Duke  of  Leuchtenbcrg. 

1  We  owe  these  specimens,  which  so  clearly  exhibit  the  transitions  in  the  length  of  the  eye  and  the 
variations  between  Aiaphus  erpannts  and  A.  comutu*,  to  our  friend  Dr.  Worth,  who  detected  them  in 
the  ravines  of  the  Fulkovka  brook.  The  caudal  portion  (2  of  woodcut)  is  identical  in  all  the  varieties ; 
and  after  examining  a  great  number  of  individuals  which  exhibit  various  shades  of  transition,  we  confess 
that  we  think  the  A.  cornutxu  (Hand.)  is  only  a  variety  of  A.  tipamut  (Dalm.). 

"  See  Trans.  Geol.  Soc.  of  London,  vol.  vi.  p.  335. 

'  Among  the  shells  common  to  the  Lower  Silurian  rocks  of  Scandinavia  and  Russia,  we  must  further 
mention  Kuomphalus  quaUerialas,  Orthit  caltigrumma.  O.  tett*dinaria,  Leptttna  tericta,  Spiri/er  poram. 
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and  Leptaenae,  both  these  genera  being  completely  separated  from  the  Producti, 
which  are  never  found  in  rocks  of  this  high  antiquity.  Of  these  fossils,  twenty 
species  are  known  in  the  Silurian  rocks  of  the  environs  of  St.  Pctcrsburgh,  twelve 
of  which  belong  to  Orthis,  whilst  in  the  overlying  or  Devonian  system,  so  full  of 
other  genera  of  shells,  two  species  of  Orthis  and  three  of  Leptaena  have  only  been 
discovered  (see  next  chapter,  vol.  ii.,  and  Table  of  Organic  Remains). 

The  Lower  Silurian  strata  of  Russia,  still  more  than  those  of  Scandinavia,  are 
distinguished  by  those  singular  plate-covered  bodies  of  circular  forms,  with  central 
mouths  and  lateral  oval  apertures  (whereof  the  Spfurronites  aurantium  is  the  pre- 
vailing type),  which,  though  closely  approaching  to  Crinoidea,  well  merit  to  be 
distinguished  therefrom.  The  greater  number  of  these  belong  to  the  genera 
Echinosphserites  and  Echino-encrinites  of  Wahlenbcrg,  but  M.  vonBuch,  who  has 
thrown  so  much  light  on  these  fossils,  has  formed  other  genera,  such  as  the 
Hemicosmites  and  Cryptocrinitcs,  which  as  yet  have  been  alone  found  in  Russia, 
and  has  even  whilst  we  write  grouped  them  under  the  name  of  Cystidetr,  and  has 
added  to  those  which  he  had  previously  described,  the  new  genus  Sycocystites, 
equally  with  the  others  characteristic  of  the  Lower  Silurian  of  Russia,  whilst  his 
Caryocystites  occurs  in  the  Upper  Silurian  of  Gothland  only.  In  the  meantime 
we  may  state,  that  whilst  the  Cystidex  abound  in  great  clusters  throughout  the 
Lower  Silurian  beds  both  of  Scandinavia  and  Russia,  they  have  recently  been 
discovered  in  strata  of  the  same  age  in  England.  They  were  noticed  long  ago  in 
Sweden  by  Linna?us  and  other  authors,  and  were  distinctly  described  in  a  very  able 
manner  by  Gyllenhall.  The  genus  Echino-encrinites  is  also  found  in  Sweden,  where 
it  was  for  some  time  cdnfounded  with  the  Echinosphasrites1. 

bonitet.  Terebratula  nuctita  and  Lingula  longittima.  We  may  add  that  the  very  characteristic  Spirifer 
lynx  of  Russia  has  its  representative  in  the  Atrypa  Horsata  of  Sweden.  This  Spirifer  lyni,  which  is  a 
common  variety  of  the  5.  biforatus  (Schloth.),  has  a  very  wide  geographical  range,  and  is  one  of  the 
most  abundant  fosails  in  the  Lower  Silurian  beds  of  North  America ;  viz.  the  blue  limestone  of  Kentucky. 
Tennessee,  Ohio  and  Indiana. 

'  M.  Hermann  von  Meyer  and  M.  Volborth  have  also  written  on  the  organization  of  the  genus  Erhino 
ntcrinitet,  and  the  last  of  these  authors  has  endeavoured  to  show  Uiat  it  had  true  arms  around  the  mouth  j 
an  opinion  from  which  M.  von  Buch  entirely  dissents.  The  Rchino-encrinus  of  Von  Meyer  is  the  Syco- 
cystites of  Von  Buch.  (Sec  M.  von  Buch's  last  memoir,  "  Uebcr  Cystidccn."  Trans.  Acad.  Berol.  1844.) 

of  the  Ordnance  geological  surveyors  under  Sir  Henry  T.  De  la  Beche.  The  fact  of  the  presence  of  such 
bodies  in  the  unquestionable  Lower  Silurian  rocks  of  South  Wales,  was  mentioned  to  us  by  Professor 
Phillip*  whilst  these  pages  were  undergoing  their  last  revise.  Fortunately  the  great  authority  on  this 
subject,  M.  Leopold  vonBuch.  being  then  on  a  visit  to  London,  the  specimens  were  submitted  to  him;  and 
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Although  not  rich  in  variety  of  coralline  species,  the  Lower  Silurian  rocks  of 
Russia  are  occasionally  loaded  with  numerous  individuals  of  two  or  three  species,  of 
which  the  Cheetetes  Petropolitanus  is  by  far  the  most  abundant ;  a  coral,  which,  it  is 
important  to  remark,  is  also  prolific  in  the  lower  beds  of  Norway,  and  has  recently 
been  detected  in  similar  strata  in  North  Wales'.  Overlying  the  deposits  in  which 
the  fossils  already  cited  are  accumulated  is  a  calcareous  band  with  Pentameri, 
which  we  consider  the  representative  of  that  zone  which  in  the  British  Isles,  Scandi- 
navia and  North  America,  contains  the  Pentamertu  oblongtus,  to  which  our  P.  borealix 
makes  a  close  approach.  And  just  as  this  band  is  intermediate  between  the  lower 
and  upper  groups,  so  does  it  contain  fossils  which  range  into  both  (such  as  the 
Lept<ena  depresia),  and  in  it  we  already  find  the  Catenipora  escharoides  and  one  or 
two  species  of  corals  of  the  true  Upper  Silurian  group. 

The  striking  distinctions  between  the  Upper  Silurian  deposits  of  the  Baltic  Isles 
and  those  lower  formations  which  constitute  the  mainlands  of  Sweden  on  the  one 
hand  and  of  Russia  on  the  other,  have  been  already  so  clearly  defined,  that  it  is 
unnecessary  now  to  say  more,  than  that  through  a  multitude  of  corals  and  many 
typical  shells,  the  Wenlock  and  Ludlow  rocks  of  England  are  there  very  adequately 
represented,  the  latter  even  exhibiting  the  very  highest  beds  of  the  system. 

We  have  therefore  to  repeat,  that  the  Russian  palaeozoic  strata  described  in  this 
chapter  are  unquestionably  of  the  same  age  as  those  which  are  termed  Silurian  in 
other  parts  of  the  world ;  and  that  here,  as  in  Scandinavia  and  the  British  Isles, 
they  are  divided  into  two  natural  groups,  and  are  overlaid  by  the  Devonian  or  Old 
Red  system  of  deposits  which  we  are  about  to  describe. 

In  concluding  this  chapter,  we  may  further  briefly  state,  that  whilst  our  present 
observations  refer  to  the  Silurian  formations  of  the  Baltic  provinces  of  Russia 
only,  we  believe,  from  the  descriptions  of  other  authors*,  that  strata  of  the  same 

he  ha»  authorized  us  to  state,  that  among  these  forms  of  Cjstidese,  which  are,  however,  mere  internal  casts, 
the  Spharoniltt  mmmtium  is  clearly  recognisable.  The  remain*  seen  by  M.  von  Buch  are  from  the 
quarry  of  Sholes  Hook,  near  Haverfordwest,  a  locality  which  we  formerly  described  as  Lower  Silurian. 
(See  Silurian  System,  p.  397.)  We  are  also  informed  by  Captain  James,  R.E.  of  the  Ordnance  Geolo- 
gical Survey  of  Ireland,  that  he  suspects  he  has  found  similar  bodies  in  Uie  Lower  Silurian  strata  of  the 
county  of  Waterford.  The  Lower  Silurian  rocks  of  Scandinavia,  Russia  and  the  British  Isles  arc  there- 
fore closely  bound  together  through  these  remarkable  fossils. 
By  Professor  Sedgwick. 

«  We  not  only  trust  to  the  published  descriptions  of  Eichwald  and  Pusch,  but  also  to  communications 
we  have  received  from  Major  Blode  and  M.  Dubois  de  Montpereux,  and  to  our  having  seen  unquestionable 
Silurian  species,  such  as  Coxulariu  Sowerbyi  and  Trre bratula  plicotella,  obtained  from  these  tract*. 
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age  occur  in  Podolia,  near  Kamenetz  on  the  Dniester,  and  on  the  banks  and  tribu- 
taries of  that  river. 

On  the  other  hand  we  have  already  expressed  an  opinion,  derived  from  personal 
examination,  that  the  oldest  palaeozoic  limestones  of  Kielce  in  Poland  are  of  Devo- 
nian age1. 

The  Silurian  rocks  which  constitute  the  chief  mass  of  the  sedimentary  deposits 
in  the  axis  of  the  Ural  Mountains  will  be  described  in  the  second  part  of  this 
volume ;  and  we  shall  now  therefore  simply  state,  that  they  are  there  so  powerfully 
metamorphosed,  dislocated  and  intermingled  with  masses  of  igneous  origin,  that 
unless  we  had  been  previously  well  actmainted  with  them  in  countries  where  they 
are  undisturbed,  we  never  could  have  unravelled  their  complicated  relations.  Even 
there,  however,  we  have  been  able  to  decipher,  though  obscurely,  the  same  order 
from  a  Lower  to  an  Upper  group,  as  in  the  regions  which  have  been  under  con- 
sideration ;  the  latter  (which  is  charged  with  a  Pentamerus  very  closely  allied  to 
the  P.  Knightii)  being  clearly  succeeded  on  the  Hanks  of  the  chain  by  a  copious 
development  of  strata  charged  with  Devonian  fossils. 

1  After  the  first  chapter  was  printed  off,  Mr.  Murchison  received  from  M.  Ferdinand  Oswald,  of  OcU, 
near  Breslau,  a  communication  which  shows  that  true  Silurian  rock*  exist  in  Silesia,  as  well  as  the 
Dcvoniun  and  Carboniferous  strata,  which  have  been  there  previously  recognised  (see  p.  3").  These 
Silurian  strata  occur  at  the  villages  of  Sadewitz  and  Ober,  and  Neu  Scbmollen,  south  of  Dels,  where 
they  occupy  an  area  of  about  one  and  a  half  Gcrmun  square  mile,  and  are  loaded  with  many  characteristic 
Silurian  fossils.  Among  these  are  the  corals  Favorite*  Cothlandica,  Catenipora  escharoide*.  and  C.  laby. 
rintkica,  with  Or  this  lettudinaria,  O.  trantverialis,  O.  Prcten,  several  Orthoceratitcs,  the  Trilobites  Calymmr 
ftlumrubarltii,  C.  macrophtkalma,  and  forms  common  in  Western  Europe,  with  others,  such  as  the  llimu* 
erasricauda.  Ataphvt  rrpamms  and  Spharonilet,  whi  h  are  characteristic  of  the  Lower  Silurian  rocks  of 
Scandinavia  and  Russia.  M.  Oswald's  notice  will  be  communicated  hy  Mr.  Murchison  to  the  British 
Association  for  the  Advancement  of  Science,  and  it  is  here  alone  necessary  to  observe,  that,  quite  alive  to 
the  necessity  of  distinguishing  these  fossil  accumulations  from  the  surrounding  northern  drift,  the  author 
asserts,  that  they  clearly  occur  in  stratified  limestones  and  shale  "  in  situ,"    (Sec  Map.  PI.  VI.) 


Obi.— This  chapter  was  printed  and  undergoing  a  last  revise,  when  wr  received  from  Professor  Eichwald  a  copy 
of  his  memoir  "  On  the  Fishes  of  the  Devonian  System  in  the  neighbourhood  of  I'avlosk,"  published  in  a  recent 
number  (Band  17)  of  the  Bulletin  of  the  Imp.  Soc.  of  Naturalists  of  Moscow,  in  which  he  attributes  the  discovery 
of  these  irhthyolites  to  a  young  mineralogist,  M.  Sicmaschio.  We  have  no  wish  whatever  to  enter  here  into  a 
discussion  respecting  the  collector  who  may  have  been  the  first  to  find  these  fossils ;  though  in  stating  that,  as  far 
aa  we  know.  Count  Keyserling  and  M.  Worth  were  the  firBt  to  announce  to  a  scientific  Society  the  presence  of 
irhthyolites  on  the  Slavcnka,  we  merely  adhere  to  the  truth.    Quite  independent,  however,  of  all  disputes  about 
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priority  of  names  ami  discovery  of  certain  forms,  a  very  grave  geological  question  is  involved  in  the  memoir  of  M. 
Eichwald,  and  we  most,  therefore,  in  justice  to  ourselves,  say  a  few  words  on  the  true  determination  of  these  ich- 
thyolites.  Not  pretending  to  be  judges  of  the  generic  and  specific  value  of  all  the  fragments  collected  by  M.  Worth 
awl  Count  Kryscrling,  we  brought  a  large  quantity  of  them  to  England,  and,  aided  by  that  sound  ichthyologist  Sir 
Philip  de  Grey  Egerton,  we  transmitted  a  selection  of  them  to  Professor  Agassix.  The  thief  results  are  here  made 
known  in  the  trxt,  and  the  details  are  given  in  the  second  volume.  In  the  meantime,  M.  Eichwald  wrote  the 
memoir  alluded  to,  in  which  he  makes  certain  comparisons  that  will,  doubtless,  astonish  M.  Agasaiz  as  much  as 
ourselves,  and  indeed  we  may  say  all  geologist*.  He  cites,  for  example,  from  these  beds,  so  truly  Devonian,  the 
Phmraatnthut  tubrrculatut,  a  species  never  previously  found  beneath  the  carboniferous  limestone.  To  a  second  he 
gives  the  name  of  Saurichthyt,  a  genus  hitherto  known  in  the  Muachelkalk ;  whilst  a  third  and  fourth  he  terms 
llybothu  longieornut  (Ag.)  and  Frittaeuntku*  ;  genera  which  AgassU  has  recognised  in  the  Lias  and  Jurassic  strata 
only;  whilst  even  a  Pkoracanthus,  by  which  Agassix  characterizes  the  tertiary  molasse,  is  said  by  M.  Eichwald  to 
be  here  roiied  up  with  true  Devonian  and  Silurian  genera  !  Again,  in  adverting  to  the  existence  of  the  Ctenodus, 
M.  Eichwald  commits  the  mistakes  of  saying,  that  this  well-known  carboniferous  type  had  hitherto  been  found  in 
the  ciutlk  only,  and  that  the  Onchua  (an  Old  Red  and  also  a  carboniferous  genus)  had  been  hitherto  detected  in  the 
Upper  Silurian  only.  In  short,  if  M.  Eichwald  is  right,  and  the  authors  of  this  work  and  M.  Agassi*  arc  wrong,  then 
It  the  deposit  on  the  Slavenka  a  geological  omnibut,  wherein  creatures  of  all  epochs,  from  protozoic  to  tertiary, 
lived  together  in  the  very  same  bed.  As  such  a  plurnomenon  would,  if  admitted,  subvert  all  those  inductive  processes 
by  which  geologists  have  been  hitherto  guided,  M.  Eichwald  must  excuse  us  if,  relying  on  the  identifications  of  M. 
Agassix  and  our  own  views,  we  entirely  deny  its  existence.  We  must  also  state,  that  the  example  of  St.  Cassian 
in  the  Alps,  where,  on  the  authority  of  Count  Munster,  paleozoic  and  secondary  forms  are  said  to  be  i 
ther.  has  no  real  bearing,  as  M.  Eichwald  infers,  on  this  Russian  question.  In  the  Alpine  case  (which  1 
been  geologically  described)  there  exist,  if  we  arc  not  misinformed,  lofty  and  almost  vertical  mountain  < 
at  and  near  the  summits  of  which  one  group  of  formations  may  very  well  exist,  and  another  at  their  base ;  whilst 
the  remains,  to  which  the  name  of  St.  Casaian  has  been  applied,  are  simply  those  which  are  collected  by  the  |>ea»aot.% 
from  the  valley, — fossils  which  have  fallen  from  various  heights  and  are  necessarily  mixed  together  below.  On 
the  Slavenka,  on  the  contrary,  the  supposed  melange  occurs  in  one  and  the  same  stratum. 

We  need  scarcely  add,  that  beyond  the  lithologicol  features  described,  there  is  not  on  the  Slavenka,  any  mure 
than  on  the  Volkof  or  Siass,  the  smallest  evidence  of  transition  from  the  Lower  Silurian  to  the  Devonian  fibh-beds, 
as  asserted  by  M.  Eichwald;  still  leas  of  any  intermixture  of  the  fossils  of  the  two  groups,  except  wherr  the  strata 
have  been  broken  up,  and  their  surface  affected  by  the  northern  drift  (sec  Chapters  XX.  and  XXI.).  If  such  a 
transition  and  passage  were  admitted,  we  might  in  Russia  cite  many  other  equally  apparent  examples  of  such,— 
as  between  the  carboniferous  limestone  and  Jura  rocks  of  Moscow  (p.  S35),  or  the  Permian  rocks  of  the  Vaga 
and  their  overlying  pleistocene  beds!  (p.  331.)  But  such  an  idea  requires  no  serious  refutation,  and  geologists 
must  rest  contented  with  our  distinct  and  unequivocal  denial  of  M.  Eichwald's  supposed  facts  ;  whilst  M.  Agassiz 
assures  them,  that  the  fishes  in  this  Russian  deposit  (which  we  affirm  is  true  Devonian)  ore  « 
uf  the  Old  Red  Sandstone  oafy,  or  form*  hitherto  never  found  in  any  other  overlying  or  underlying  deposit. 


Postscript  on  Dkvoni  in  Fossil  Fishes. — The  geological  student  will  soon  perceive,  that  the  ( 
on  the  Devonian  rocks  was  written  and  printed  without  the  knowledge  of  the  ichthyolites  of  that  age  < 
nicated  to  us  by  Professor  Agaasiz,  whilst  preparing  the  opening  chapters  of  this  work,  which,  for  I 
assigned,  were  the  but  sent  to  press.  Whatever  changes  of  names  that  author  may  have  ultimately  applied  to 
the  Devonian  ichthyolites  (for  which  we  refer  to  our  preceding  observations  and  to  his  descriptions  in  the  second 
volume,  or  in  his  '  Monographic  des  Poisaoos  du  Systeme  Dcvonien  ou  Vieux  Gres  Rouge*),  our  readers  will  find 
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that  our  arguments  and  reasoning  employed  two  and  three  years  ago,  hare  been  prodigioualy  strengthened  by  the 
additional  light  thrown  upon  many  new  type*  of  true  Devonian  age.  Thus,  besides  the  numerous  species  of  fishes 
of  the  Old  Red  Sandstone  already  spoken  of  (p.  64),  and  the  new  genera  and  species  found  on  the  Slavenka,  we 
learn  from  M.  Agassiz,  that  we  had  really  obtained  from  the  red  sandstone  of  the  Andnroa  (p.  48),  the  Pterichtky* 
major  (Ag.).  a  species  previously  named  from  a  specimen  found  on  the  banks  of  the  Kindhorn,  near  Elgin.  This, 
it  is  important  to  remark,  is  the  first  representative  of  the  family  of  the  Ccpbalaspidcs  found  in  Russia.  I  n  addition 
to  the  forms  of  teeth  of  Drodrodus  alluded  to  (pp.  52  and  66)  as  occurring  near  Riga  (and  which  have  recently  been 
scut  from  Cremon  in  Livonia  by  our  distinguished  friend  the  Baron  H.  dc  Mcycndorf),  M.  Agassiz  announces  the 
presence  of  Dmlrodut  la  tits  (Owen),  and  /,um«»Ju  Panderi  or  Kastatus  (Ag.)  (DndroduM  htutatut,  Owen),  both  of 
them  published  Scottish  species,  whilst  Professor  Owen,  examining  the  structure  of  the  teeth  with  the  microscope, 
has  named  another  Russian  ichthyolite.  Dndndus  Mnrtkuom,  showing  how  it  is  distinguished  from  the  Scottish 
species  /).  biporcatus  (see  Appendix  B.  and  Plate  B.).  The  fossil  which  M.  Agassiz  had  named  Gtfpiostrus  fa- 
iwu  (see  p.  46),  is,  it  appeals,  accompanied  by  another  species  of  the  same  genus  that  we  had  named  <•'.  retin- 
itis as,  which  is  the  same  as  M.  F.ichwald's  Botkrielrpis  onata.  These  last- mentioned  ichthyolites  appear  not  only 
on  the  banks  of  the  Priksha  (erroneously  spelt  Priutchka  in  our  next  chapter),  in  the  Valdai  Hills,  and  at 'I 
but  aho  on  the  Siass  and  Andoroa  rivers,  in  the  north-eastern  range  of  the  Devonian  rocks.  One  of  them  ( 
at  Kipet.  near  Bielef  (p.  56).  in  the  great  central  Devonian  dome  (see  section  beneath  the  Map,  PI.  VI.).  Both 
these  species  of  Glyptosteus,  or  Bothriolepis,  so  widely  diffused  in  Russia,  are  common  to  the  north  of  Scotland  ; 
the  first-mentioned  being  found  in  Perthshire  (Clashbrnnie)  and  Elginshire,  the  last  in  Nairn,  Elgin  and  Murray 
shires.  Not  only  is  the  smaller  species  of  Chclonichthys,  C.  minor  (Ag.),  (.Ultrotrp'u,  Eichw.1).  found  both  in 
Scotland  and  at  Riga  s  but  we  now  learn  that  the  Scottish  locality  of  Elgin  also  contains  fragments  of  the  Russian 
monster  C.  .tsmuni !  Lastly,  we  may  state,  that  in  confirming  our  view  of  the  identity  of  the  Devonian  rocks  of 
the  dome-shaped  region  around  Orel,  Vuroneje  and  Bielef  with  those  of  the  Baltic  and  North-eastern  govern- 
ments, M.  Agassiz  assures  us  that  certain  bones  from  all  these  tracts,  and  which  he  has  not  yet  described,  belong 
tn  the  same  species. 

The  results  of  the  close  and  careful  comparison  of  M.  Agassiz  are  truly  remarkable  in  sustaining  our  views  of  the 
great  uniformity  of  the  paUeozoic  d*|>o«its  over  very  wide  areas  of  Europe,  and  in  showing  the  necessity  of  con- 
sidering the  Devonian  or  Old  Red  group  a  separate  system.  The  reader  will,  indeed,  see,  that  instead  of  eight  or 
ten  species  of  the  Devonian  fossil  fishes  of  Scotland  and  Russia  being  identical,  as  we  have  printed  it  in  the  next 
chapter,  that  number  is  already  more  than  doubled  s  or,  in  other  words,  of  the  known  Russian  ichthyolites  | 
'iar  to  this  age,  two-thirds  are  rpectJUallj  the  same  as  those  of  the  same  epoch  in  Great  Britain! 


1  Though  we  have  now  learned  that  M.  Eichwald  used  the  word  Asterolepis  in  reference  to  the  gigantic  ichthy- 
olite of  Dorpat,  before  M.  Agassiz  had  named  it.  we  adhere  in  this  volume  to  the  word  Chclonichthys.  simply 
because  we  have  long  used  it  in  print,  as  derived  from  the  great  authority  of  Neufchatel.  If,  according  to  the  un- 
derstood custom  of  accepting  the  first  name  (which  ought,  however,  to  depend  upon  the  object  having  been  figured 
and  described),  the  name  of  Asterolepis  be  finally  adopted,  we  have  in  the  meantime  simply  endeavoured  to  pre- 
serve in  this  chapter  and  in  the  Table  attached  to  the  Map,  a  coincidence  with  the  text  (Chap.  IV.)  which  we  printed 
two  years  ago. — iprU,  1845.  (For  all  paheontological  details,  see  Appendix  and  vol.  ii.)  The  Russian  PaUeozoic 
corals  are  described  by  Mr.  Lonsdale  in  the  first  part  (or  A.)  of  the  Appendix  to  this  volume ;  and  a  new  species  of 
Dendrodus  is  described  by  Professor  Owen  (B.  of  Appendix)  from  s  microscopic  examination  of  the  teeth  of  that 
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DEVONIAN,  OR  OLD  RED  SYSTEM. 

Great  extension  of  the  System  — Described  in  ascending  order,  from  the  junction  of  its 
lower  strata  with  the  Silurian  rocks  of  the  Volkof,  to  the  contact  of  its  upper  beds 
with  the  Carboniferous  Limestone  in  the  Valdai  Hills. — Range  to  Vitegra,  Andoma, 
and  Archangel. — Range  and  contents  in  Courlnnd,  Livonia,  tyc. — Great  South- 
eastern band  extending  to  the  Governments  of  Orel  and  Voroneje,  and  sections  of  it 
on  the  rivers  Oka  and  Don. — Organic  Remains  of  the  System  in  Russia  compared 
with  those  of  Western  Europe. 

1  HE  red  rocks  which  lie  to  the  south  of  the  Silurian  strata  of  the  Baltic  con- 
stitute one  of  the  largest  systems  of  Russia  ',  and  extend  over  an  area  of  not  less 
than  150,000  square  miles  .—a  region  much  more  spacious  than  the  British  Isles. 
Reposing  upon  the  low  plateaus  which  have  just  been  described,  and  rising  into 
hills,  varying  from  five  hundred  to  upwards  of  nine  hundred  feet  above  the  sea, 
this  zone  is  well  defined  both  at  its  lower  and  upper  limits ;  for  it  passes  down  into 
beds  of  Silurian  flagstone  and  is  surmounted  by  true  carboniferous  limestone. 
Thus,  occupying  the  same  geological  horizon  as  the  Old  Red  or  Devonian  system 
of  Gresit  Britain,  these  rocks  form  the  substratum  of  Courland  and  of  Livonia, 
from  whence  they  range  north-eastwards  into  the  governments  of  Pskof,  Novo- 
gorod,  Olonetz  and  Archangel,  and  south-eastwards  through  Vitebsk,  Smolensk, 
Kaluga  and  Tula,  to  Orel  and  Voroneje.  We  shall  first  describe  these  deposits 
in  their  north-eastern  and  afterwards  in  their  south-eastern  range. 

Northern  Devonian  Zone. — With  the  exception  of  certain  summits  of  carboni- 
ferous limestone,  the  Valdai  Hills,  and  all  the  hilly  region  around  Lake  Ilmen, 
are  composed  of  Devonian  rocks.    On  the  sides  of  the  high  road  from  St.  Peters- 

'  Sec  Map,  Tabular  View  and  Section  annexed  to  it. 
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burgh  to  Moscow  natural  sections  arc  very  scarce,  but  the  lower  members  of  the 
system  are  observable  in  the  water-courses  of  the  little  rivers  Kerist  and  Polist. 
For  some  versts,  indeed,  to  the  north  of  the  former,  the  surface  of  the  soil  begins 
to  assume  a  reddish  tint,  and  in  the  purple  and  grey  limestones  recently  extracted 
for  the  use  of  the  chaussee,  we  found  remains  both  of  shells  and  fossil  fishes1.  At 
Tchudova,  1 12  versts  south  of  St.  Pctersburgh,  both  banks  of  the  Kerist,  particu- 
larly below  the  bridge,  exhibit  flag-like,  compact  limestones,  which  are  from  one 
to  three  inches  thick  ;  the  upper  or  lower  beds  of  whitish  cream-colour,  and  the 
central  of  a  reddish  hue,  have  a  more  concretionary  structure.  The  surfaces  of 
these  calcareous  flagstones  convey  the  idea  of  their  having  originated  in  a  sedi- 
ment which  had  been  accumulated  in  a  tranquil  sea ;  for  they  arc  crossed  with 
fucoids  and  other  peculiar  bodies,  whilst  Mollusca  and  Encrinites  are  arranged 
along  the  fine  lamina?  of  deposit. 

The  shells  are  unquestionably  of  Devonian  age ;  such  as  Serpula  omphalodes 
(Goldf.),  Spirifer  muralix  (nob.},  8.  sprciosus  [8.  micropterus  according  to  V.  Buch), 
S.  Archiaci  (Murch.),  S.  granosus  (nob.),  Tcrcbratula  tentiiabntm  (Phill.),  Orthis 
striutula  (Schloth.),  0.  micans  (V.  Buch),  O.  crentstria  (Phill.),  Belhrophon  armatus 
(nob.),  together  with  cylindrical,  branching,  indeterminable  bodies,  fucoids?,  and 
remains  of  Encrinites  and  Pentacrinitcs. 

These  strata  at  and  to  the  north  of  Tchudova  may  be  classed  as  the  lowest  mem- 
bers of  the  Devonian  system.  At  Kalapi-polist,  a  hamlet  some  versts  to  the  south- 
south-east,  other  beds,  which,  from  the  general  slight  inclination  of  the  strata,  and 
the  gentle  rise  of  the  country  to  the  south,  must  be  overlying,  are  detected  in 
ancient  quarries  on  the  right  bank  of  the  Polist.  They  consist  of  finely  lami- 
nated, red  and  cream-coloured,  flaggy  limestones,  in  parts  compact,  in  parts  more 
sandy,  and  showing  a  strong  tendency  to  concretionary  structure.  The  concretions 
are  of  a  more  or  less  compact,  argillaceous  limestone,  having  a  sandier  base  of  dark 
green,  ochreous  and  reddish  colours.  In  parts  these  concretions  resemble  some 
varieties  of  the  Herefordshire  cornstone,  from  which  form  they  graduate  on  the 
one  hand  into  micaceous,  greenish  sand  and  sandstone,  and  on  the  other  into 
calcareous  flagstone.    Nests  of  calcareous  spar  are  not  unfrcquent,  and  fucoid- 

1  Upon  our  last  return  from  Moscow,  late  in  the  season,  and  when  wc  were  too  much  hurried  to  quit 
the  chaussee,  wc  examined  numerous  heaps  of  frcsh-quarricd.  red,  calcareous,  shelly  flagstone,  recently 
discovered  in  the  ravines  north  of  Tchudova,  in  which  were  some  large  fishes'  scales  (Glyplostms  rrlicu- 
lalun,  Agass.)  with  true  Devonian  shells. 
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bodies  ornament  the  surface  of  the  flagstone  as  at  Tchudova.  Rut  besides  one  or 
two  of  the  shells  mentioned  as  occurring  at  that  place,  we  here  met  with  scales  of 
fishes  which  characterize  the  Old  Red  system, — belonging  to  the  genera  Diplo- 
ptmts  and  Glyptosteus  (Ag.). 

If  the  sectional  line  be  prolonged  in  the  direction  of  Moscow,  these  lowest  strata 
of  the  Devonian  system  pass  beneath  the  red  masses  of  Novogorod,  Lake  Ilmen 
and  the  Valdai  Hills.  But  before  we  follow  this  ascending  order,  let  us  describe 
clearly  the  lower  strata  in  the  best  natural  section  which  the  north  of  Russia  af- 
fords, and  where,  as  before  stated,  they  are  seen  in  absolute  contact  with  the 
uppermost  Silurian  rocks  (see  woodcuts,  p.  2H  and  30). 

Continuing  the  section  on  the  Volkof,  we  find  the  uppermost  Silurian  beds 
loaded,  as  explained,  (p.  29)  with  Spharonites,  Favosites,  and  small  Orthida?. 
These  graduate  upwards  into  flag-like  courses  more  siliceous,  which  in  ascending 
the  rivei  are  overlaid  by  other  thin-bedded  strata,  gradually  becoming  more  red  and 
green  with  marly  way-boards.  Concretionary  forms  begin  to  prevail,  with  courses 
of  deep  red  and  light  green  mottled  marlstone,  and  at  length  red  and  green  impure 
limestones,  in  beds  from  three  to  six  inches,  abound,  inter  laminated  with  much  red 
marl.  The  fossils  from  about  one  verst  south  of  the  village  of  Bor  to  the  hamlet 
of  Vindin-Ostrof  are  unequivocally  Det>onian. 

Along  the  banko  of  the  river  at  this  place  and  at  Prussino  we  collected  the  fol- 
lowing fossils: — Serpula  omphalodes  (Goldf.),  Spiri/er  muralus  (nob  ),  S.  xpecioxu* 
(S.  micropterm,  V.  Buch),  S.  Archiaci  (Murch.),  S.  plicistria  (D'Arch.  et  De 
Vern.),  Terebratula  prisca  (Schloth.),  T.  Meyendorfii  (named  by  us  after  our 
friend  and  companion  Baron  A  Von  Meyendorf),  T.  concentrica  (V.  Buch),  T. 
vmtilabrum  (Phill.),  Orthis  striatula  (Schloth.),  Leptana  productoides  (Murch.), 
Product**  spinosus  (Sow.),  according  to  M.  V.  Buch,  Avicula  Wi,rthii  (nob.),  Mo- 
diola  antiijua  (Goldf.),  Bellerophon  globatus  (Murch.),  B.  armatus  (nob.),  Natka,  &c. 
With  these  shells,  among  which  are  several  species  published  as  Devonian  types 
from  other  parts  of  Europe,  are  also  found  fossil  fishes,  particularly  scales  of  the 
Glyptosteus  (Agassiz),  a  genus  which  also  characterizes  the  Old  Red  Sandstone  of 
Scotland. 

The  banks  of  this  fine  river  diminish  gradually  from  a  height  of  sixty  to 
seventy  feet  at  Pctropaulosk,  to  twelve  and  fourteen  feet  near  Vindin-Ostrof, 
Cherensorok,  and  Prussino,  but  the  red  marls  and  associated  sandy  calcareous 
flags  and  cornstones  are  traceable  a  little  higher  up  the  stream,  and  are  then  lost 


44 


LAKE  ILMEN — K0ROST1N0 — VALDAI  HILLS. 


under  the  superficial  detritus  which  obscures  the  edges  of  the  Volkof  and  of  its 


It  may  here  be  observed,  that  the  ichthyolitcs  of  the  lower  beds  of  the  system, 
whether  from  these  localities  or  those  of  Tchudova  and  Kalipi-polist  before  men- 
tioned, differ  specifically  from  the  forms  which  we  shall  afterwards  point  out  in  the 
uppermost  strata  in  the  Valdai  Hills  (on  the  Priutchka,  a  tributary  of  the  Msta). 
The  Glyptosteus  and  Diplopterus  arc  genera  common  to  the  north  of  Scotland  and 
Russia,  but  the  species  in  these  lower  beds,  G.  reticulatus  and  D.  rugulosus,  arc,  ac- 
cording to  the  recent  determinations  of  Professor  Agassi  z,  unknown  in  the  British 
Isles.  We  shall  presently,  however  indicate  the  existence  of  several  sjweies  of 
ichthyolites  in  the  middle  and  upper  beds  of  the  system  which  are  identical  with 
Scottish  types. 

The  central  members  of  the  Devonian  system  consist  of  red  and  green  argilla- 
ceous marls  or  clays,  limestones,  both  flag-like  and  concretionary,  and  courses  of 
flag-like  sandstone  and  grit,  and  for  the  most  part  little  coherent.  Gypsum  is 
disseminated  at  intervals,  and  salt-springs  issue  from  the  deposit.  The  lower 
parts  of  the  Valdai  Hills  are  composed  of  these  central  members  of  the  system  : 
they  consist  of  red  and  green  marls,  in  which  concretions  of  impure  limestone  and 
calcareous  flags  are  only  to  be  detected  at  intervals,  as  on  the  banks  of  the  Msta, 
in  certain  cuttings  of  the  Moscow  chaussee,  and  occasionally  in  ravines  at  short 
distances  from  it.  At  and  near  the  Imperial  summer-palace  of  Korostino,  the 
banks  of  the  southern  end  of  the  Lake  lltncn,  and  the  edges  of  a  ravine  at 
Porogi,  present  cliffs  from  forty  to  fifty  feet  high.  The  upj>er  beds  arc  greyish  and 
purplish,  compact,  calcareous  flags,  which  split  into  numberless  small  cubes,  and 
weather  externally  to  a  yellowish  colour.  They  are  often  spotted  with  blood-red 
circles,  and  their  surfaces  are  much  diversified  by  long,  tubular,  incurvated  bodies. 
These  calcareous  strata  having  a  maximum  thickness  of  about  thirty  feet,  rest  on  a 
deep  red,  rough  limestone,  charged  with  many  prevalent  Devonian  shells.  Among 
these  are  several  of  the  forms  noticed  on  the  banks  of  the  Volkof  near  Prussino, 
with  another  species,  which,  though  not  detected  in  that  locality,  is  associated 
with  the  same  group  in  the  Devonian  limestones  of  the  Boulonnais  in  France  and 
elsewhere  ;  viz.  the  Spirifer  Verneuillii  (Murch.).    Besides  the  common  shells, 

1  The  beds  here  described  are  thow  which  lie  in  the  trough  before  mentioned,  and  from  beneath  which 
the  Silurian  rock,  of  the  Vloia  ri.-e  to  the  .urfacc  (sec  woodcut,  p.  30). 


great  feeder  the  Tigoda'. 
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Terebratula  prisca,  Lepttrna  productoides ,  Serpula  omphalodes,  &c,  &c,  we  also 
met  with  Terebratula  Helmersenii  (V.  Buch),  Spiri/er  tenticulum  (nob.),  aud  the 
Orthoceratites  subfusifortnis  (Minister). 

A  little  to  the  east  of  Korostino,  and  at  Porogi,  where  the  same  strata  undulate 
to  some  extent,  dark  purple,  unctuous  clays  and  marls  are  exposed  at  the  base  of 
the  cliffs. 

The  great  thickness  to  which  inferior  strata  of  the  system  expand  to  the  south 
of  Lake  Ihuen,  has  been  proved  by  the  sinkings  recently  made  in  the  hope  of  pene- 
trating to  the  sources  of  the  salt-springs  at  Starai  Russa,  aud  in  which,  it  is  said, 
no  perceptible  change  of  ground  was  met  with  through  a  depth  of  about  600  feet. 
As  the  deepest  point  from  which  these  brine-springs  rise  has  not  been  attained, 
we  are  left  in  doubt  whether  the  real  source  of  the  salt  is  in  the  lowest  beds  of  the 
Devonian  rocks  or  even  in  the  Silurian  system. 

It  will  be  shown  in  the  sequel,  that  salt-springs  and  rock-salt  are  very  prevalent 
in  the  red  rocks  overlying  the  Carboniferous  system,  and  thus  Russia  affords  distinct 
proofs  within  itself,  that  this  mineral  occurs  in  formations  of  very  dissimilar  age. 

From  the  absence  of  rocky  cliffs,  the  rounded  nature  of  the  elevations,  and  the 
detritus  which  obscures  the  surface,  the  whole  of  the  intermediate  strata  cannot  be 
seen  in  any  one  section  of  the  Valdai  Hills.  Still,  by  examining  the  banks  of  the 
Msta  and  its  tributaries  (the  only  river  of  any  magnitude  which  runs  transverse  to 
the  Valdai),  we  find  sections  of  the  upper  division  of  the  system,  which  for  clear- 
ness are  not  exceeded,  if  equalled,  in  any  part  of  Europe.  The  best  evidences  of  a 
succession  from  the  red  ground  into  the  overlying  carboniferous  limestone,  are 
seen  in  the  sequestered  valley  of  the  Belaia  (or  White  River),  a  tributary  of  the 
Msta,  about  twenty-five  versts  south  of  Borovitchi '.  Immediately  to  the  north 
of  the  picturesque  village  of  Shcrokovitchi,  the  rivulet  Priutchka  falls  into  the 
Belaia,  and  by  following  the  former  to  its  source  you  ascend  a  well-wooded  and 
watered,  narrow  gorge,  on  the  sides  of  which  are  natural  sections,  in  great  part  ver- 
tical, of  near  200  feet  in  height.  The  greatest  number  of  strata  exposed  in  any 
one  spot,  may  be  seen  near  the  place  where  coal-works  have  been  established,  and 
galleries  have  been  driven  from  the  side  of  the  hill  into  certain  bituminous  schists, 
half-way  up  the  cliff,  which  occur  iu  the  lower  member  of  the  Carboniferous  system, 

1  We  were  conducted  to  this  spot  by  our  young  friend  and  companion  Lieut.  Kokoharof,  who  had  pre- 
viously accompanied  Colonel  Hclmcnscn  in  bit  examination  of  the  tract. 
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and  which  arc  capped  by  the  lowest  beds  of  the  mountain  or  carboniferous  lime- 
stone, to  he  hereafter  described.    Whilst  we  refer  to  this  woodcut  for  the  general 


order  and  detail  of  the  succession,  wc  now 
confine  our  description  to  the  strata  be- 
neath the  carbonaceous  beds. 

Tbc  lowest  beds  visible  {a)  are  green 
marl,  with  some  remains  of  small  fish- 
bones. These  are  separated  from  overly- 
ing red  and  green  marls  (r)  by  an  inter- 
mediate course  of  sandstone  which  also 
contains  fragments  of  minute  fish-bones 


and  ichtbyodorulitcs. 

The  red  and  green  mottled  marls  (c),  having  a  thickness  of  about  thirty  feet,  are 
surmounted  by  the  most  remarkable  "  bone-bed"  (d)  which  ever  fell  under  our  ex- 
amination. This  bed  has  altogether  a  thickness  of  about  four  feet,  the  upper  part 
being  a  mottled,  marly  "  cornstone,"  in  which  few  remains  exist,  whilst  the  lowest 
part — a  yellow  marl  about  two  feet  thick — is  almost  entirely  composed  of  bones 
and  scales  of  ichthyolitcs.  Of  these,  three  species  arc  pronounced  by  M.  Agassi/, 
to  be  identical  with  forms  known  in  the  Old  Red  Sandstone  of  Scotland',  viz.  the 
Holoptychius  Nobilissimvs  (Ag.,  Sil.  Syst.),  Glyptosteux  farosus  (Ag.),  Diplopterus 
macrocephalus  (Ag.).  Above  the  bone- bed  is  a  whitish  marly  limestone  (e)  ten  feet 
thick  ;  then  follow  about  sixty  feet  of  red  and  green  marly  clay  (/),  with  occa- 
sional harder  courses,  the  whole  being  surmounted  by  the  sands  and  bituminous 
schists  which  form  the  bottom  of  the  Carboniferous  system. 

The  lowest  of  the  carbonaceous  strata  is  a  thin  baud  of  yellowish  marly  incohe- 
rent sandstone  {(f),  which  here  has  not  a  greater  expansion  than  six  feet.  In  this 
bed,  and  in  those  above  it,  the  carboniferous  plants  prevail,  whilst  the  charac- 
teristic Old  Red  fishes  are  no  longer  to  be  detected  in  them.  A  line  of  physical 
demarcation  is  therefore  neatly  drawn  between  the  Devonian  and  Carboniferous 
deposits. 

Range  of  the  System  to  the  North-east. — Having  thus  presented  a  general  ascend- 
ing section  of  the  Devonian  or  Old  Red  system  in  the  region  between  Petersburgh 

1  The  observations  of  Professor  Aguasiz  on  these  identifications,  and  others  to  which  wc  shall  pre- 
sently allude,  will  be  given  iu  a  subsequent  part  of  the  work  (see  also  end  of  this  chapter). 


Digitized  by  Google 


RANGE  TO  THE  NORTH-EAST— SECTIONS  OF  THE  MGRA  AND  VITEGRA.  47 


and  Moscow,  we  may  now  describe  it  in  its  extension,  first  to  the  east-north-east, 
and  afterwards  to  the  west-south-west,  concluding  our  account  by  a  sketch  of  its 
range  to  the  south-east,  or  into  the  central  governments  of  Orel  and  Voroneje 
(see  Map). 

From  what  has  been  said  of  the  transformation  of  the  Silurian  rocks  in  their 
course  to  the  north-east  (p.  19),  it  will  not  be  expected  that  much  instructive 
evidence  is  to  be  obtained,  from  that  region,  of  the  lowest  Devonian  beds. 
In  our  journey  to  Archangel,  however,  we  traced  the  middle  and  upper  mem- 
bers of  the  system  in  many  places',  the  latter  being  invariably  capped,  as  in 
the  Valdai  Hills,  by  the  carboniferous  limestone".  At  the  river  Mgra,  about  four 
versts  south  of  a  post-house  on  the  high  road  to  Vitegra,  are  light-coloured  and 
reddish  mottled,  micaceous,  incoherent  grits  and  siliceous  flagstones,  in  which 
we  discovered  scales  of  Diplopterus  1  and  Glyptoxteus,  associated  with  portions  of 
the  jaw  of  a  new  genus  to  which  Professor  Agassiz  has  given  the  name  of  Cteno- 
ptychius*.  To  the  south  and  west  of  the  Lake  Onega  the  strata  of  this  age  are 
more  or  less  incoherent  sandstones,  which  in  parts  have  the  aspect  of  the  New 
Red  Sandstone  of  Western  Europe,  though  they  are  in  general  more  flaglike. 
These  are  the  beds  which  we  conceive  to  have  been  altered  by  the  intrusion 
and  eruption  of  the  trappean  rocks  of  Petrozavodsk  and  the  northern  regions  ; 
for  at  the  south-western  end  of  the  Lake  Onega,  the  sandstone  is  soft  and  inco- 
herent, and  when  followed  on  the  same  level  is  found  suddenly  to  become  a  hard 
siliceous  rock,  wherever  it  is  in  the  proximity  of  the  greenstone,  which  abounds  to 
the  north  of  the  river  Svir  (pp.  18  and  19). 

The  eastern  banks  of  Lake  Onega  a  little  to  the  south  of  the  embouchure  of  the 
river  Andoma  present  cliffs,  about  150  feet  high,  composed  of  red  and  green 
marls,  which  pass  into  incoherent,  variegated  sandstone,  resembling  on  the  whole 
both  the  New  and  Old  Red  Sandstones  of  England3.  Owing  to  their  fragile  nature, 

'  We  arc  indebted  to  a  collection  made  l>y  Mr.  Strangways,  and  now  in  the  museum  of  Dr.  Buckland 
at  Oxford,  for  a  fine  specimen  of  a  very  peculiar  ichthyolite  found  in  tJie  red  sandstone  between  N.  Iji- 
doga  and  Tichvin,  and  to  which  Professor  Apissiz  has  given  the  name  of  I'lacostms  meundrinu* . 

*  This  locality  is  on  the  left  bank  of  the  stream,  about  one  mile  above  the  saw-mills,  where  (in  the  heart 
of  Northern  Russia)  we  met  with  a  most  intelligent  director  of  the  works,  who  possessed  a  well-assorted 
small  library  and  philosophical  instrument*,  in  a  neatly  Arranged  establishment,  and  who  welcomed  us 
with  the  hospitality  so  characteristic  of  all  Russians. 

•  Sec  '  Silurian  System,'  in  which  the  lithological  identity  of  the  Old  and  New  Red  Sandstones  in 
certain  parts  of  England  is  much  insisted  on,  pp.  27  and  55. 
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these  hills  are  perpetually  subsiding:  into  undcr-cliffs,  and  the  varied  streaks  pro- 
duced by  these  subsidences,  might  induce  any  person  who  viewed  them  from  the 
lake,  to  believe  that  the  strata  were  inclined.  This,  however,  is  far  from  being  the 
case,  for  they  deviate  only  from  horizontality  in  exhibiting  slight  undulations,  or 
by  rising  very  slightly  to  the  north-north-west.  Amon^  the  rolled  fragments  which 
cover  the  shore  of  the  lake,  near  the  mouth  of  the  Andoma,  are  numerous  masses 
of  red  rock  loaded  with  remains  of  ichthyolites,  chiefly  Holoptychius  (?),  which, 
being  of  a  much  harder  nature  than  the  surrounding  strata,  have  probably  been 
derived  from  the  dirt's  which  lie  to  the  north,  where  the  sandstone  has  undergoue 
more  consolidation  and  alteration. 

Id  ascending  the  banks  of  the  Andoma  and  those  of  its  tributaries,  the  Nosreka, 
&c,  the  place  of  the  rocks  which  constitute  the  lower  or  red  region  is  distinctly 
seen.  All  the  plateaus  or  high  grounds  are  there  occupied  by  the  carboniferous 
limestone  and  its  associated  bands  of  bituminous  schist  and  yellow  sandstone.  The 
annexed  woodcut  represents  the  general  relations  of  this  instructive  and  pictu- 
resque district,  in  which  we  made  excursions  through  some  of  the  finest  and  most 
accessible  of  the  Russian  forests.  The  beds  marked  a  and  b  are  the  Devonian  rocks, 
and  they  are  overlaid  by  the  carboniferous  strata  e,  d,  e,  to  be  described  in  the  next 
chapter. 


The  lowest  beds  (n  are  light  brownish  red,  siliceous  sand-tones,  occasionally  flag- 
like,  and  sometimes  of  concretionary  form,  in  which  (on  the  banks  of  the  Nosreka) 
we  found  disseminated  bones  and  scales  of  ichthyolites.  The  strata  b  consist  of  a 
great  thickness  of  red  and  green  spotted  argillaceous  marls,  with  some  sand,  &c. 

In  no  part  of  this  extensive  district  of  red  sandstone  around  Vitegra,  and  which  oc- 
cupies the  banks  of  the  Lake  Onega,  and  of  w  hich  such  deep  denudatious  are  exposed 
on  the  banks  of  its  tributary  streams,  did  wc  observe  a  single  course  of  Umestoue, 
and  with  this  absence  of  calcareous  matter,  we  no  longer  found  the  mollusks  of 
the  same  age,  which  abound  in  Livonia,  St.  Petersburgh,  and  Novogorod  ;  fossil 
fishes  alone  being,  as  far  a9  we  could  observe,  the  inhabitants  of  these  sandy  and 
argillaceous  rocks.  We  shall  presently  draw  attention  to  this  pha-nomenon  in  our 
remarks  upon  the  distribution  of  the  organic  remains  of  this  system. 
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To  the  south  and  east  of  Vitegra  the  old  red  strata  descend  henealh  the  carboni- 
ferous limestone,  the  uppermost  beds  being  seen  at  Vitcgraski,  and  on  both  bauks 
of  a  little  rivulet.  The  same  relations  exist  to  the  west  of  Divitinskaya,  the  head- 
quarters of  the  engineers  of  the  great  canal,  which,  passing  over  the  low  watershed 
of  this  region,  is  among  the  most  wondrous  of  the  works  devised  by  Peter  the  Great. 
It  connects  the  drainage  of  the  vast  government  of  Vologda  with  that  of  St.  Peters- 
burgh  and  the  Baltic. 

To  the  north-east  of  this  spot  the  country  becomes  so  low,  and  the  high  road  to 
the  Dwina  runs  so  much  upon  the  carboniferous  limestone,  that  rapid  travellers 
like  ourselves,  who  made  few  deflections  from  the  route,  could  not  define  the 
southern  limits  of  the  underlying  red  system.  From  personal  inspection,  chiefly 
judging  from  the  red  colour  of  the  surface,  we  believe  that  strata  of  this  age  form 
the  subsoil  at  the  mouth  of  the  river  Onega,  where  that  river  empties  itself  into 
the  White  Sea.  We  also  detected  these  beds  (though  with  great  difficulty,  owing  to 
the  quantity  of  northern  drift)  in  the  form  of  shale  and  incoherent  psammite,  on  the 
banks  of  the  river  Kianda,  between  Onega  and  Archangel — a  district  in  which  salt- 
sources  are  not  unfrequent  and  still  worked  at  one  locality1.  Again,  we  think  that 
the  fundamental  rock  beneath  the  city  of  Archangel  belongs  to  the  Devouian  or 
Old  Red  System,  for  the  colour  of  the  country  (where  bogs  do  not  prevail)  is  of 
a  reddish  tint,  and  all  the  river  cliffs,  which  rise  to  some  height  between  this  city 
and  Kholmogor,  consist  of  scarcely  any  other  matter  than  regenerated  red  mate- 
rials. Lastly,  by  marking  the  most  northern  points  on  the  rivers  Onega  and 
Dwina,  to  which  the  carboniferous  limestone  extends,  we  gain  a  tolerably  accurate 
line  of  demarcation,  from  which  the  Old  Red  strata  may  be  said  to  range  up  to 
the  edges  of  the  metamorphic  rocks  of  the  White  Sea a.  We  further  beg  to  say, 
that  from  information,  derived  unfortunately  too  late  to  profit  by  it,  we  are  led  to 
think,  that  the  junction  of  the  Old  Red  Sandstone  and  Carboniferous  Limestone,  is 
to  be  seen  on  the  hanks  of  the  river  Onega,  about  160  versts  above  its  mouth, 
where  these  rocks  occupy  a  distinct  escarpment. 

1  M.  taunitz,  an  intelligent  gentleman  of  Courland,  who  has  been  some  time  resident  at  Onega  mid 
Archangel,  assured  us  that  he  had  seen  ravines  between  Archangel  and  Onega,  the  banks  of  which  con- 
sisted of  finely  laminated  red  and  green  marl*.  In  our  expedition  along  the  edge*  of  the  White  Sea  to 
Onega,  we  were  accompanied  by  our  kind  friend  Mr.  Whitehead,  the  British  Consul  at  Archangel. 

j  M .  Bohtlingk  showed  us  hard  sandstones  from  the  northern  shores  of  the  White  Sea,  which  we  con- 
sider to  be  identical  with  the  rocks  of  the  Lake  Onega  near  Petrozavodsk. 
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Devonian  Rocks  in  Courlund,  Jye. — We  have  already  stated  our  belief  (p.  33)  that 
Devonian  rocks  occur  beneath  the  superficial  red  detritus  near  the  Prussian  frontier, 
and  in  the  government  of  Vilna  (see  Map).  In  Courlaud,  however,  wc  are  not  left 
in  any  doubt.  Argillaceous  limestones,  s|M)tted  red  and  green,  are  seen  to  alternate 
with  variegated  marls  and  other  beds  more  sandy,  which  are  exposed  on  the  banks 
of  the  chief  rivers  of  this  province. 

The  fine  escarpments  and  the  cascade  of  the  river  Windau  at  Goldingen,  the 
ancient  capital  of  the  province,  present  strata  having  exactly  the  same  lithological 
characters  as  those  we  have  described  on  the  Volkof  and  elsewhere,  and  though 
they  have  not  yet  afforded  organic  remains  in  this  locality,  there  can  be  no  doubt 
of  the  age  of  these  strata  ;  for  on  following  them  to  Asuppen,  a  distance  not 
exceeding  thirty  miles  (which  is  inconsiderable  where  strata  are  so  horizontal), 
they  offer  the  requisite  evidences. 

A  small  river  at  the  country-seat  of  the  Baron  Hahn  lays  bare,  beneath  the 
alluvial  soil,  a  group  of  marly,  siliceous  flagstones,  each  about  half  a  foot  thick, 
alternating  with  thinner  flags.  In  their  upper  part  these  flagstones  arc  of  deep 
yellow,  greenish,  and  spotted  red  colours  ;  in  which  respect  they  are  undistin- 
guishable  from  the  rocks  of  Goldingen,  and  like  which  they  contain  no  fossils. 
The  lower  beds,  however,  are  of  a  yellow  colour,  and  are  loaded  with  the  Spirifer 
Archiad,  a  characteristic  Devonian  species  of  the  Roulonnais.  Again,  beneath 
these  flagstones  is  a  bed  of  red  clay  al>out  three  feet  thick,  which  overlies  a  course 
of  similar  dimensions  of  a  blueish  or  greenish  marly  grit,  striped  with  lamina?  of  red 
marl.  In  these  lowest  marly  lamina-  we  discovered  a  good  number  of  remains  of 
ichthyolites,  among  which  are  scales  of  Holoptychius  ?.  The  beds  at  this  locality 
have  a  slight  inclination  of  about  3°  to  the  north,  and  they  doubtless  participate 
in  one  of  the  numerous  undulations  to  which  the  strata  of  this  horizontal  country 
have  been  subjected,  as  explained  by  the  section  of  the  Diina  above  Riga,  the 
river  which  separates  Courland  from  Livonia,  and  which  we  now  proceed  to 
describe. 

Devonian  Rocks  in  Livonia — Section  of  the  Diina. — All  the  strata  exposed  along 
the  banks  of  this  river  in  ascending  from  Riga  to  Kirchholm  and  Kokenhusen, 
belong  to  the  Devonian  system,  and  they  form  numerous  undulations,  by  which 
they  are  inclined  both  to  the  north-north-west  and  to  the  south-south-east.  For 
example,  at  the  ancient  castle  of  Kirchholm,  where  the  beds  are  bent  into  a  double 
flexure,  there  is  the  following  section  : — 
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Kcrt. 

Compact  grey  limestone  ami  shale  without  fossil*   4 

Concretionary  limestone;  grey  in  its  u|j|kt  |iart,  red  heueath,  and  containing  a  re- 

markanle  species  of  univalve  of  the  genus  Hotrlla,  together  with  n  .\ntita    8 

Red  compact  limestone   3 

Marly  limestone  and  shale  with  red  spots    12 
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The  bed  above  spoken  of  as  characterized  by  univalve  shells,  affords  us  the 
means  of  knowing,  that  nearly  the  same  strata  are  prolonged  by  undulations  from 
north  to  south,  across  the  whole  of  Livonia.  Thus  higher  up  the  Diina,  at  the 
Castle  of  Selburg,  and  at  the  country-house  of  Stockmanshof,  we  meet  with  the 
four  beds  indicated  at  Kirchholm,  including  the  limestone  with  the  univalves  ; 
and  the  only  addition  is  a  greenish  blue  shale,  the  lowest  bed  visible,  which  is 
brought  in  by  an  increase  of  flexure.  At  the  Castle  of  Selburg,  the  cliffs,  upwards 
of  seventy  feet  high,  exhibit  very  clearly  the  same  succession. 

The  picturesque  rocks  in  the  environs  of  the  Castle  of  Kokenhusen  particularly 
deserve  notice,  not  merely  on  account  of  the  thickness  of  the  vertical  section 
(speaking  of  course  by  comparison),  but  specially  because  the  beds  contain  ich- 
thyolites.  The  little  river  Perse,  which  there  empties  itself  into  the  Diina,  runs 
in  a  deep  gorge,  in  which  many  beds  of  impure  concretionary  limestone  are  seen 
to  alternate  with  courses  of  calcareous  shale  or  marl.  These  alternating  strata, 
occupying  a  thickness  of  about  100  feet,  repose  on  a  band  of  arenaceous  lime- 
stone,  distinguished  by  impressions  of  fucoid-like  or  polypifonn  bodies,  and  beneath 
it  is  a  bed  of  concretionary  limestone  with  marly  limestone,  in  which  are  remains 
of  Ctenacanthus  serrulatus  (Ag.),  and  Osteolepin,  &c,  both  of  which  genera  occur 
in  the  Old  Red  Sandstone  of  Scotland. 

An  example  of  undulation,  almost  amounting  to  a  dislocation  produced  by  anti- 
clinal elevation,  occurs  on  the  right  bank  of  the  Diina,  near  the  mouth  of  its  tri- 
butary the  Evst,  where  the  inferior  shale  or  clay  throws  off  the  calcareous  flag- 
stones and  marls  at  an  angle  of  30°  towards  the  north-cast,  and  at  1 7°  to  the  south- 
west. 

Concerning  the  gypsum  which  occurs  in  this  great  deposit,  we  have  nothing  to 
add  to  the  notices  of  Strangways  1  and  M.  Dubois  dc  Montpereux  *.  It  is  nowhere 
exposed  in  the  strata  upon  the  Diina,  except  in  the  neighbourhood  of  Kirchholm, 
but  at  Diinhof  in  Courland  it  is  largely  quarried.    Though  no  salt-springs  have 


1  Ocol.  Trans.,  new  series,  vol.  i.  p.  11. 


1  Karsten's  Archiv. 
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yet  been  discovered,  their  rise  from  still  lower  strata  at  Starai  Russa,  to  which  we 
have  already  adverted  (p.  4."<),  may  induce  researches  and  sinkings,  which,  if 
successful,  would  be  of  great  benefit  to  the  Baltic  provinces. 

Throughout  a  wide  spac  e  east  of  Riga  and  the  Diina,  the  Devonian  rocks  appear 
chiefly,  in  the  form  of  incoherent  and  lightish  coloured  sandstones,  the  disintegra- 
tion of  which  may  have  contributed  to  form  the  dunes  of  blown  sand  which  are 
here  so  prevalent.  Between  Riga  and  Dorpat,  red  sandstone,  both  yellowish  white 
and  dark  red,  crops  out  at  intervals,  associated,  however,  with  stiff,  reddish  clays. 
On  the  whole,  the  northern  zone  of  the  Devonian  age  maintains  throughout 
Courland  and  Livonia  the  same  lithological  characters  as  in  the  governments  of 
Novogorod  and  St.  Petersburg!!,  and  containing  much  more  calcareous  matter  than 
the  same  rocks  in  Olonetz  and  Archangel,  is  charged  with  the  remains  botli  of 
molluscs  and  of  fishes.  This  association  has  been  noticed  on  the  Volkof,  at 
Tchudova,  Korostino  and  in  Courland,  and  we  would  now  merely  observe,  that  at 
several  localities  cast  of  where  calcareous  matter  is  interlaced  with  sand  and 

clay  (Roop,  &c),  the  Ttnhrutula  Lkunica  (V.  Buch)  and  other  typical  shells  are 
associated  with  remains  of  ichthyolites. 

Our  acquaintance  with  the  IosmI  fishes  which  occur  in  the  vicinity  of  Riga,  we 
owe  to  M.  Pander,  whose  fine  collection,  made  chiefly  on  the  banks  of  the  little 
river  Aa',  was  submitted  to  our  inspection,  and  from  which  we  were  liberally  fur- 
nished with  a  number  of  characteristic  specimens.  Of  these  we  will  now  merely 
say,  that  several  forms  appeared  to  us,  when  on  the  spot,  to  be  identical  with  species 
which  occur  in  the  Old  Red  Sandstone  of  Scotland,  whilst  others  were  unknown 
to  us.  The  subsequent  examinations  of  Professor  Agassiz  and  Professor  Owen, 
some  of  the  results  of  which  will  be  given  at  the  end  of  this  chapter,  completely 
confirm  our  view,  for  among  these  Riga  fishes,  three  species  of  Dendrodus  +  (Owen) 
arc  identified  with  known  Scottish  forms*. 

The  low  cliffs  at  Dorpat  afford,  however,  the  most  remarkable  specimens,  we 
venture  to  think,  of  all  fossil  fishes  ever  yet  discovered.  They  occur  in  about 
the  middle  beds  of  a  section,  where  micaceous,  red  and  green,  finely  laminated 

1  The  rivcr»  Sulis.  Rail 04,  Ammat  und  An  are  mentioned  by  Strungwny*  as  flowing  in  rocky  valley*  of 
Lithuania,  the  last -mentioned  of  which,  nearTreyden,  U  remarkable  for  ita  caverns.— Geol.  Trans,  vol.i. 
p.12. 

'  In  the  sequel  it  will  be  seen,  that  Professor  Agas.-iz  divides  the  Demdrodxu  (Owen)  into  three  genera. 
Dmdrodvt,  Lamnodv*  and  Cricodus.  The  specific  forms,  however,  are  the  same  in  Rusaia  and  in  Elgin- 
shire, Scotland. 
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sands,  with  ripple- mark  surfaces,  are  in  contact  with  red  and  green  marls  and 
marlstonc.  These  remains  are  so  gigantic  (one  bone  measuring  two  feet  nine 
inches  in  length),  that  they  were  formerly  supposed  to  belong  to  Saurians ;  but 
before  our  arrival  at  Dorpat,  Professor  Asmus,  of  that  University,  to  whose 
labours  the  discovery  and  restoration  of  the  best  specimens  are  due,  had  completely 
convinced  himself  that  they  were  parts  of  fishes.  We  shall  again  refer  to  these 
extraordinary  ichthyolites,  the  largest  of  which,  after  a  study  of  casts  made  by 
Professor  Asmus,  M.  Agassiz  has  named  Chelonichlhys  Amium1. 

Central  Region  of  Devonian  Rocks,  or  Geological  Axis  of  Russia  in  Europe. — Before 
our  second  journey  and  a  visit  to  the  central  and  southern  provinces,  we  supposed 
with  our  precursors,  that  in  proceeding  from  north  to  south,  the  observer  would 
naturally  pass  over  a  regular  succession  from  older  to  younger  deposits,  until  the 
region  of  the  granitic  steppe  was  reached,  where  crystalline  and  carboniferous 
rocks  occupy  the  surface.  On  our  return  from  the  Sea  of  Azof  we  undeceived 
ourselves,  by  discovering  in  the  centre  of  Russia  a  broad  zone  of  rocks,  loaded 
with  Devonian  fossils"  (see  Map  and  the  section  beneath  it).  The  structure  of 
this  dome-like  mass  is  duly  exposed  in  the  gorges  of  the  Oka  above  and  below 
Orel,  and  in  the  denudations  of  the  Don  north  and  south  of  Voroneje.  Occu- 
pying the  higher  ground,  about  800  feet  above  the  sea,  between  the  Oka,  which 
flows  northwards  into  the  Volga  and  the  Donetz,  and  other  tributaries  of  the  Don 
which  run  to  the  south,  we  already  know  that  this  zone  extends  for  nearly  200 
English  miles  in  the  parallel  of  Voroneje  and  Orel ;  and  from  the  observations  of 
Professor  Blasius,  we  have  strong  reason  to  believe3,  that,  though  much  obscured 

i  Our  Scottish  friends  of  the  Moray  and  Cromarty  Friths  will  be  rejoiced  to  learn,  that  their  country 
bu  already  produced  fragments  of  this  pontic  Chelonichthys  Asmusii.  which,  until  lie  saw  the  noble  and 
jierfect  specimens  from  Russia,  M.  Agassiz  bad  referred  to  Coccostev*.  We  believe  that  the  Professor  owes 
his  Scottish  specimens  of  the  type  to  the  researches  of  the  lamented  Lady  Gordon  dimming.  We  trust 
that  the  next  edition  of  the  work  of  Mr.  Hugh  Miller,  who  is  "  the  genius  of  the  Old  Red  Sandstone," 
may  contain  some  description  of  n  more  perfect  Chehnichtliy*  in  Scotland,  even  though  it  should  be  a 
riral  in  interest  to  his  own  I'teriehthy*. 

'  According  to  our  custom,  the  expedition  in  travelling  from  the  south  was  divided  into  two  parties, 
the  one  moving  parallel  to  and  ot  »ome  distance  from  the  other.  Mr.  Murchison  and  M.  d«  Verueud 
took  the  line  of  Kharkof,  Kursk  and  Orel,  and  Count  Keyserling  that  of  the  Don  by  Voroneje  ;  and.  on 
meeting  at  Moscow,  their  results  exactly  agreed  as  to  the  existence  of  this  mass  of  Devonian  deposits 
which  separates  Russia  into  two  distinct  geological  basins. 

'  Although  he  did  not  then  class  them  as  Devonian,  our  friend  Professor  Blasius,  on  his  return  to  Ger- 
many in  1840,  identified  certain  rocks  at  Orsha  with  others  at  Bolkhof.  north  of  Orel,  which  we  now 
know  to  be  unquestionably  Devonian. 
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by  detritus,  it  ranges  from  the  environs  of  the  latter  place  to  near  Orsha  on  the 
west  and  north,  and  thence  is  confluent  with  the  western  limits  of  the  same  deposits, 
to  which  we  have  already  alluded  as  extending  to  the  north-eastern  frontier  of 
Prussia. 

The  general  section  from  north  to  south  across  Russia,  viz.  from  Petersburgh 
to  the  Sea  of  Azof  (see  below  the  Map),  and  which  is  carried  through  Moscow, 
Kaluga  and  Orel,  gives  a  clear  idea  of  the  relations  resulting  from  this  great 
undulation,  which  separates  Russia  in  Europe  into  two  distinct  geological  basins. 
The  northern  basin,  or  that  of  Moscow,  is  included  between  these  Devonian  rocks 
in  the  centre,  and  those  on  the  north  which  we  have  previously  described  ;  and  the 
southern  extends  to  the  rise  of  the  carboniferous  rocks  and  granitic  axis  of  the 
southern  steppes.  By  reference  to  the  same  section  it  will  also  be  seen,  that  the 
northern  basin  consists,  to  a  great  extent,  of  carboniferous  limestone,  with  some 
patches  of  Jurassic  rocks,  and  a  few  spots  of  overlying,  quartzose,  tertiary  sandstone  ; 
whilst  in  the  basin  of  the  south  (Kursk,  Khurkof,  &c),  the  older  rocks  subside  to  a 
much  greater  depth,  and  the  surface  is  occupied  by  a  large  development  of  Cre- 
taceous and  Tertiary  deposits. 

Having  previously  explained  that  the  Devonian  rocks  of  the  Valdai  Hills — those 
forming  the  northern  limits  of  the  basin  of  Moscow — pass  upwards  into  the  lowest 
beds  of  the  Carboniferous  system,  we  now  proceed  to  point  out  the  peculiarities  of 
the  central  Devonian  zone,  and  to  show  how,  from  its  lower  strata  at  Orel,  it  is 
composed  of  various  beds,  the  highest  of  which  dip  under  the  rocks  forming  the 
southern  limit  of  the  carbonaceous  basin  of  Moscow.  In  order  of  superposi- 
tion, and  characteristic  fossils,  this  central  zone  bears  a  close  affinity  to  that 
of  the  North  ;  for  it  contains  some  of  the  same  ichthyolites,  with  a  profusion  of 
Devonian  shells,  and  is  also  surmounted  by  beds  of  limestone,  charged  with  the 
Productus  giganteus,  which  shell  invariably  occurs  at  the  base  of  the  carboniferous 
limestone.  In  lithological  structure,  however,  it  is  scarcely  possible  that  two  de- 
posits of  precisely  the  same  age  and  relations,  separated  from  each  other  only  by 
a  basin  having  the  width,  from  north  to  south,  of  about  300  miles,  can  present 
greater  distinctions  ;  and  this  will  appear  the  more  remarkable,  when  it  is  stated, 
that  in  both  cases  (as  indeed  nearly  all  over  Russia  in  Europe)  the  strata  are 
unaltered. 

The  central  zone,  of  which  we  are  now  treating,  is  certainly  as  little  entitled 
to  the  name  of  Old  Red  Sandstone  as  the  black  slaty  rocks  of  Devonshire,  for  it 
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contains  very  little  sand,  and  is  nowhere  of  a  red  colour.  It  is,  on  the  contrary, 
made  up  of  numerous  alternations  of  flat-bedded,  light  yellowish  limestone,  some- 
times pure,  sometimes  earthy,  and  often  so  impregnated  with  magnesia  (being  oc- 
casionally even  dolomitic),  that  it  is  frequently  undistinguishablc  from  the  mag- 
nesian  limestone  of  England,  or  the  zechstein  of  Thuringia.  When,  travelling 
northwards  from  the  plateau  of  Kursk,  composed  of  cretaceous  and  tertiary  rocks, 
we  suddenly  came  upon  these  yellow  calcareous  cliffs  on  the  river  Oka,  we  were 
naturally  disposed  to  believe  that  they  were  of  the  age  of  the  magnesian  limestone 
near  Sunderland  in  England,  or  the  zechstein  of  Germany,  so  completely  did  they 
resemble  those  rocks ;  and  with  infinite  surprise  our  first  impression  was  cor- 
rected, by  discovering  that  the  fishes  and  shells  which  they  contained  were  true 
Devonian  types  ! 

Sections  along  the  banks  of  the  Oka  show  the  succession  from  the  lower  to  the 
highest  members,  and  the  same  light  yellow  colour  still  prevails.  Some  of  the 
strata  have  a  breccia-like  aspect,  caused  by  a  rude  concretionary  action,  which 
has  formed  hard,  irregular  nodules  of  impure  limestone,  the  intervals  being  occu- 
pied by  sandy  or  calcareous  marl ;  and  where  the  latter  disintegrates,  the  face  of 
the  cliffs  presents  a  rough,  sinuous  and  grotesque  aspect,  resembling  the  rus- 
tic-work in  the  basement  story  of  a  Florentine  palace.  Courses  of  sandstone 
are  rare,  but  they  are  seen  near  Orel,  generally  incoherent,  and  occasionally  of 
greenish  colour,  but  more  frequently  yellow  or  ferruginous.  Sandy,  yellowish 
limestones  and  fawn-coloured,  sandy  marls,  form  the  chief  dividing  masses  of 
the  strong  calcareous  bands,  which  vary  in  thickness  from  mere  tilestones  to  beds 
of  two  and  three  feet  thick  ;  whilst  hard,  thick  paving  flags,  of  mottled  light 
indigo  and  yellow  colours,  with  way-boards  of  black  and  white  mottled  marls  in 
the  lower  division  (Orel),  constitute  the  chief,  if  not  the  only  material  difference 
of  colour,  in  these  buff-coloured  cliffs.  The  magnesian  limestones  and  their  asso- 
ciated marls  (very  rarely  green  and  blue)  are  exposed  at  intervals  all  down  the 
river  Oka,  occupying  cliffs  from  sixty  to  eighty  feet  in  height,  from  which  the  strata 
crop  out  or  are  laid  bare  in  adjacent  ravines.  Shelly  calcareous  flagstones  are 
prevalent  in  different  stages,  and  some  beds  assume  a  chocolate  hue,  but  red  rocks 
are  nowhere  visible. 

Section  of  the  Oka  from  Orel  to  Lickvin  and  Peremiskl. —  After  this  general  survey, 
we  shall  best  convey  to  our  readers  an  adequate  knowledge  of  the  structure  of 
these  rocks  by  describing  the  transverse  sections  of  the  Oka  and  the  Don.  And, 
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first,  at  Orel  the  following  strata  are  seen  in  numerous  large  quarries  on  the  right 
hank  of  the  Oka  to  the  south  of  the  town  : — 


II  Mndi  uiildulln;  ulm«in..l»toru|l.un,  tub  v.a.«.xmi,,m  nutounr   1  0 

III  tirrcn  and  vr<  i  marl     ,   4  f 

u    sumImimk.  f-.r  th»  mow  put  mcobrrtaw.  hul  arcaaaimaH,  hard,  ami  •«*  hniht  rm-n.  nllam  and  fcrru. 

Kimnu  nlm,     One  of  ibr  •alHintuuu  ^  Ah  •'r.iiiai  x  •  f.»rw  iron  rru.  with  nainiaw 

rnwrrlmna  »f  mm  nrr  jK^dittr  iron   :  -  -   19  • 

*.    Impure  rrll..m»o.  aandr  umwlunr   is  • 

7-   Thiii-lic«ldrd.  trlbiw  and  atiitr  lunratrinr  ..  ,   y  o 

t}     Sujll  rfinrritiimarj  nioipirt  tim*-»titnr,  in  ■  |p|l'*a,  aa».l) .  uugruinali  matrix.    T1ia»  ntra.  wxnrti  in 
tor  rliirt*  lui.lilinu-atucrr  in"  l»rrt.  BcUam  to  thr  rude,  catrmvu*  ellrr.iir  liriofr  alluiWd  Ui.  ami  im 

lamniatrd  bj  Mm  i.h  trrt  •nil  frmunm  >v>.  ralrarnua  f<xar«ra   It  i> 

S     Fa.n  n,  lurkt  taut  .<«l-«ar<.l,  «Hj.  ISnrlr.Umm.trd,  na».r..™an  ll»,r.|.>or  »».«  tWr  l-.U  nnlj. 

tax  lam.m*'  maraad  lit  iw-hrrout  alnpra   43  o 

4.  Ijg"ht  irrrT.  o -r*rv 't. i nanr  ]m-,f»i"c*»  hi  |>an«  csirmiHM.  av.tli  iri  »tal»  ut  raicwrrutta  *|iar   4  II 

5.  YttVnar.  than.  iili*irn***aai  limMtiine    I  6 

s.    Marlt.  I«a;h|.r..hiurrd  lnnew.iiv*  .    .   I  d 

I.    MuMlni  unlntu anil  Jcil.m.  ban)  linaruon*.  uard  u  |aiuiMtw.  a.tb  aai-lxianU  (|  Ida**  aiul  olulub 

ahalr    TV  •urfare  of  ttua  ruck  ta  aaudj.  and  «cathm  to  a  frrriurmmaa  «J,.ur   4  • 


7«  • 

The  lowest  hc<ls  offer  numerous  fragment*  of  small  ichthyolites,  which  wc  con- 
sider to  he  the  same  forms  as  those  descrihed  in  the  lower  Devonian  strata  near 
Prussino  and  Tchudova  (Diplopterux  and  Ulyptosleus). 

The  beds  exposed  in  other  quarries  east  of  the  town  (12,  13  and  14  of  woodcut) 
represent  a  higher  part  of  the  formation,  which  extends  over  a  considerable  area, 
and  is  probably  the  same  rock  which  occurs  in  the  ravines  west  of  Novazilskaya, 
the  first  post-station  to  the  south  of  Orel.  Here  we  found  (under  black  earth  and 
surface  clay)  beds  of  greyish,  greenish  and  yellow  marls  or  shales,  with  a  sub- 
ordinate course  of  yellow,  sandy,  magnesian  limestone,  in  all  about  15  or  16  feet 
thick.  Beneath  these,  the  strata  which  are  extensively  quarried  for  use,  consist  of 
thin  beds  of  limestone,  varying  in  colour  from  deep  yellow  to  almost  pure  white, 
and  containing  numerous  fossils,  among  which  we  recognised  ^Irra  Oreliana  (nob.). 
This  shell  alone  forms  entire  beds,  together  with  the  characteristic  Serpula  ompha- 
lodrs,  Natira  spiruta,  a  very  small  Orthoceratite  and  two  species  of  Corals. 

In  proceeding  from  Orel  to  the  north,  we  met  with  proofs  at  every  natural  denu- 
dation of  the  continuance  of  the  same  system  of  strata;  and  whilst  the  left  bank 
of  the  Oka  exhibited  them  in  distant  cliffs,  we  recognised  them  on  the  sides  of 
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the  little  stream  the  Optika,  at  Ivanofsk,  nineteen  versts  from  Orel,  where  the 
yellow,  sandy  beds,  with  sub-concretionary  courses  of  a  sort  of  lumachelli,  contain 
bones  of  fishes.  At  the  village  of  Ottrada,  the  cliffs  on  the  right  bank  of  the 
Oka  expose  excellent  sections,  particularly  in  a  lateral  ravine  north  of  the  village. 
Ascending  from  the  river  edge  the  strata  are  seen  to  consist  of 

10. 


I .  Tfcin-t**JJfd  titrllv  Umratmira  \A  yirTwh  ro!<iiin>.  with  .urfacr*  nwrkn)  hr  hifM.I-likr  batftth  **  "I  TrliuuV.»a  unit  nnghbrarboud  ;  like  a  h*c  1. 
alau,  th<ac  ►ania  roatam  Spinfrr  Arrkxui.  S.  famiilff  m.l>  .  IsptwmM  m<-ntir***rr»  ITliU.'.  TrrrttmluU  rmtiltbmm  dllil.'.  Vrtki,  tfrmtu!*, 
StktoUi  •  4m,  Orrlitm,   mA.',  .VaKra  likr  tha  .jari.  .  at  Orrl.  aitii  fcntcnwl  nata  «f  limn,  Srtfulm  xajiAa'aaVa.  Kanuulr*.  arid  man)  aniall 

rraxinmt.  .»  jr„ih,uIH*a-    ,  »  thr  ..«T4r,n.  laala  +  m  <W  *lj..m..i»  ravm-  »r  mrt  ai«h  two  .*  Ilirer  alurnali.m.  ..f  Ik*  aim*  thick>»d.i«-,l. 

unpurr,  Wlril«WllTrti.iBMj  liawatnw.  to  aKkll  «r  hot  partially  aHinlwl  X  Orel.  and  atlrt.  w,  .h*U  affain  .U«-nla-  at  MMMfc. 

Towards  the  summit  of  the  section,  where  the  yellow  strata  (for  the  whole  have 
a  prevalent  yellow  tinge)  are  lost  under  drifted  sands,  clay  and  detritus,  one 
of  the  subordinate  limestone  beds  (p)  excited  our  attention,  being  made  up  of 
myriads  of  a  minute  shell,  which  seems  to  bear  an  analogy  to  the  Venus  gemma 
of  the  shores  of  North  America.  This  fossil  is  associated  with  fine,  pisolitic, 
ferruginous  concretions,  like  those  in  the  upper  beds  near  Orel,  and  also  with  grains 
of  siliceous  sand,  both  white  and  black.  Another  course  is  composed  of  small 
serpulinc  bodies. 

Among  the  calcareous  and  flag-like  beds  of  this  system,  some  weather  white  ; 
and  others,  not  exceeding  a  quarter  of  an  inch  thick,  arc  chocolate-coloured,  com- 
pact, siliceous  limestones.  These  strata  range  to  near  Mtzcnsk,  on  the  Zucha,  a 
tributary  of  the  Oka. 


The  left  bank  of  the  river,  on  which 
that  town  is  built,  offers  a  most  striking 
section  of  the  concretionary,  dolomitic, 
grotto-like  limestone,  which  we  noticed  at 
Orel  and  Ottrada,  and  which  we  here  saw 
expanded  into  three  distinct  bands  ( +  +  ), 
as  represented  in  this  woodcut. 


11. 
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In  the  cliffs  at  this  place  are  scales  of  fishes,  and  at  its  base  we  found  the  Area 
Oreliana,  which  is  characteristic  of  the  highest  stratum  at  Orel  and  of  the  middle 
beds  at  Ottrada.  This  fact  seemed  to  indicate  very  clearly,  that  the  general  incli- 
nation was  to  the  north,  and  that  in  proceeding  from  south  to  north,  we  were 
ascending  in  the  scries  of  strata. 

In  travelling  from  Mtzensk  to  Biclcf,  the  grotesque  concretionary  rocks,  (often 
covered  unconformably  by  ferruginous  sandstone  of  a  much  younger  age)  sink 
gradually  under  other  Devonian  strata,  in  which  argillaceous  marl,  occasionally 
almost  a  pipe-clay,  rarely  green  and  much  more  frequently  yellowish,  alternate 
with  impure,  light  yellow,  sandy  limestone,  passing  into  sandstone,  with  pisolitic 
beds  similar  to  those  of  Ottrada.  At  the  station  of  Budcvich,  the  Terebratula 
Livoniea  (V.  Buch),  and  T.  ventilabrum  (Phill.),  are  grouped  with  ichthyolites  ;  and 
from  Piscavadi,  to  near  Bielef,  an  occasional  Orthoceratite  may  be  detected. 

At  Bielef  the  precipitous  bank  of  the  Oka  under  the  town  is  interesting,  in 
showing  marly  strata  reposing  upon  the  uppermost  bed  of  the  grotesque  lime- 
stone, which  at  Mtzensk  forms  the  top  of  the  cliff.  As  this  stratum  is  here  on  the 
level  of  the  Oka,  it  is  thus  probable  (however  imperceptible  the  inclination  of  the 
strata  may  be)  that  the  beds  have  actually  dipped  to  the  north  more  than  100  feet 
in  the  space  of  about  forty-five  miles  ;  the  cliff  at  Mtzensk  having  a  height  of  about 
seventy  feet,  and  allowance  also  being  made  for  the  descent  of  the  Oka  between 
the  two  places. 

At  the  convent  of  Jabrim,  four  versts  north  of  Bielef,  yellowish,  marly  and 
earthy  limestone  prevails,  and  afterwards  the  yellow-coloured  rocks  gradually 
disappear  and  are  succeeded  by  cream-  and  white-coloured  marls.  At  Jabrim  we 
collected  Orthoceratites  vermicularis  (nob.),  Terebratula  plebeia  (Sow.),  with  Cythe- 
rinae  and  casts  of  Modiola  and  Xucula. 

Between  Bielef  and  Lichvin  we  first  met  with  fossils  which  showed  an  approach  to 
the  Carboniferous  system  ;  for  the  Orthoceratites  vermicularis  is  there  associated  with 
the  Cirrus  acutus  (Sow.),  which,  though  generally  considered  a  carboniferous  fossil, 
occurs  also  in  unquestionable  Devonian  rocks  at  Wilmar  on  the  Lahn  (Nassau). 

At  Kipet  we  discovered  thin  calcareous  flagstones  charged  with  fishes.  In  the 
bed  of  the  little  brook,  blueish,  yellow  and  bright  green  spotted  marls  and  clays  are 
overlaid  by  brown,  hard,  flag  like  limestones,  from  three  to  four  inches  thick, 
containing  Holoptychii.  These  are  covered  by  yellowish  marl  and  marlstone,  and 
a  thin  course  of  dark  blue,  calcareous  flagstone,  charged  with  Serpula  omphalodes, 
Terebratula  plebeia,  Modiola,  with  Orthoceratites  and  Cytherinaj.   The  strata  in 


SECTION  OF  THE  OKA— BIELEF  TO  LICHVIN. 


this  little  ravine  are  inclined  15°  to  the  north -north-east,  but  this  inclination  is 
evidently  a  local  phenomenon1. 

The  light  and  buff-coloured  marly  limestones  to  the  south  of  Lichvin  are  the 
highest  beds  of  the  Devonian  system  which  we  could  trace,  owing  to  the  great  cover 
of  sand  and  detritus.  In  these  we  collected  a  Terebratula  analogous  to  T.  pleuro- 
don  in  its  general  form,  Cirrus  acutus  (Sow.),  Bellerophon  striatut  (D'Orb.),  Or- 
thoceraa  vermiculare  (nob.),  together  with  casts  of  Modiola,  Nucula  and  Turritella, 
which  are  indeterminable.  The  re-occurrence  at  this  spot  of  fossils,  which  in  other 
places  (as  towards  Mtzensk  and  at  Voroneje)  are  associated  with  unquestionable 
Devonian  types,  left  no  doubt  of  the  age  of  these  beds.  By  their  low  position  in 
the  hill  sides,  independent  of  the  gentle  inclination  to  the  north,  they  undoubtedly 
lie  beneath  the  sands  with  coal  and  the  carboniferous  limestone,  which  succeed  to 
the  north  of  Lichvin,  and  which  on  the  frontier  of  the  Moscow  basin,  as  well  as  in 
the  Valdai  Hills,  form  the  base  of  the  Carboniferous  system.  The  long,  coloured 
section  under  the  Map,  sufficiently  illustrates  the  general  succession  in  this  part  of 
the  country. 

Among  the  equivocal  sections  of  the  upper  members  of  this  system — for  we  had 
not  time  to  place  it  exactly  in  the  series — is  one  which  we  met  with  on  the  bank  of 
the  rivulet  Ulabue,  sixteen  versts  east  of  Krapivna  (between  Tula  and  Lichvin), 
in  the  undulating  slopes  near  which,  a  little  water-course  laid  bare  this  section. 

Marls,  hlucish,  yellow,  dc. 

White  roarlstone,  like  hardened  chalk,  in  beds  of  one  to  two  feet. 

Calcareous  flag»tone»,  in  part,  sandy  and  siliceous,  with  Producti,  Lejitxiue,  Terebratula;  and  Spirifene. 
Concretions  of  cream-coloured  marly  limestone. 
Yellowish  limestone  of  magnesian  aspect. 

Flag»ton«,  with  minute  fossils  (Cytherina }),  small  fishes'  teeth  and  scales. 
Clays  and  marls. 

Concretions  and  thin  calcareous  courses. 

Thick- bedded,  grey,  compact  limestones  of  conchoidal  fracture,  with  traces  of  silicificd  wood. 

The  uppermost  beds  arc  covered  with  ferruginous  sand  containing  ironstone 
concretions,  and  the  plateau  is  spread  over  by  some  detritus  (drift)  as  well  as  by 
the  black  earth  or  "  Tchornozem,"  of  which  and  all  the  superficial  deposits  we 
shall  treat  in  the  concluding  chapters. 

Besides  a  curious  fish's  tooth,  the  occurrence  in  these  beds  of,  apparently,  the 

'  The  flagstones  quarried  at  the  spot  are  used  an  tombstones  in  the  churchyard  of  Kipct.  and  it  was 
from  observing  forms  of  ichthyolites  on  these  monuments,  that  we  were  led  to  discover  them,  fa  titu,  in 
the  bed  of  the  adjacent  rivulet,  about  half  a  vcrst  to  the  west  of  tbe  church. 
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same  minute  Cytherina  which  occur  near  Bielef  and  at  Kipet,  together  with  the 
characteristic  shell,  Leptana  productoides  (Murch.),  induce  us  to  consider  these 
beds  as  part  also  of  the  uppermost  member  of  the  Devonian  system  ;  and  we  the 
more  adhere  to  this  belief,  since  we  arc  unacquainted  with  any  series  of  strata  re- 
sembling tlicm  in  the  numerous  well-known  sections  of  the  carboniferous  strata 
of  Russia.  Among  the  other  fossils  of  this  locality,  we  may  cite  Lrptvna  arcuata 
(nob  ),  a  species  approaching  to  L.  sarcinulata,  so  common  in  the  carboniferous 
rocks  of  this  country  ;  two  species  of  Tercbratula,  the  one  resembling  T.  concen- 
trica,  the  other  T.  seminulu  (Phill.)  ;  Spirifer  murutix?,  Spirifer  near  to  <S.  yluber, 
with  fragments  of  Modiola,  Orthoccratites,  and  Syringopora  ?  &c. 

Devonian  Rocks  upon  the  Don. — The  most  southern  point  at  which  we  observed 
any  rocks  of  this  age  upon  the  river  Don  is  near  the  village  of  Pictina.  At  the  junc- 
tion of  the  river  Vorona  with  the  Don,  a  few  sandy,  calcareous,  fossilifcrous  flag- 
stones, of  a  few  feet  thickness  only,  are  overlaid  by  reddish,  ferruginous  sandstone, 
and  finally  by  siliceous  sands,  which  towards  their  lower  part  contain  courses  of 
blackish  claw  These  last-mentioned  sands,  like  others  to  which  we  shall  afterwards 
allude,  and  which  equally  overlie  the  Devonian  rocks  in  the  Oka,  may  possibly 
belong  to  the  greensand  of  the  Cretaceous  system.  Blocks  of  quartz  rock  with 
sands,  form  the  cap  of  all  these  strata  near  Pietina. 

The  Devonian  strata  near  Voroneje  arc,  however,  best  seen  on  the  left  bank  of 
the  little  stream  Devitza,  on  the  sides  of  a  ravine  where  they  are  arranged  in  the 
following  order  — 


the  whole  covered  by  reddish-coloured  drift  and  black  earth. 

The  calcareous  flags  at  this  spot  have  furnished  us  with  a  greater  number  of  cha- 
racteristic fossils  than  the  beds  of  any  other  locality  in  Russia.  They  not  only  abound 
in  species  published  as  Devonian  types  from  the  Boulonnais,  the  Eifel,  and  Devon- 
shire, but  also  contain  the  remains  of  ichthyolites — and  all  this  in  a  thickness  of 
about  seven  feet !  Among  the  most  characteristic  published 1  shells  are  Spirifer  Ver- 
neuilii,  Produclus  copcrotits,  Leptrrnn  Dutertrii,  Terebrntula  aspera ;  and  among  the 
new  forms  arc  Spirifer  Anosoffi  (nob.),  Lepttena  Fischerii  (nob.),  L.  asella  (nob.). 

'  Murchison  on  the  Boulonnni".  Bulletin  de  la  SociOte  GCol.  de  Erancc.  vol.  xi.  p.  '253. 


Cnlcnrcous  shelly  rlngMonc,  loaded  with  fu»,il»  

Kid  clay  or  Hrl  

Yellowish  naniU  

Whitish  and  red  spotted  clays  and  marl,  (urnimg  the  ba»e 
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At  Jendovistie,  on  the  stream  Veduga,  another  feeder  of  the  Don,  sandy,  cal- 
careous flagstones  of  greenish  colours,  are  interlaced  with  spotted  red  marl  and 
clay,  containing  Devonian  fossils,  and  similarly  covered  hy  sands  and  ferruginous 
concretions.  In  ascending  the  Don  wc  traced  Devonian  rocks  in  the  hillocks  of 
Sadonsk,  and  in  them  we  no  longer  found  the  same  fossils  as  those  collected  in  the 
neighbourhood  of  Voroneje  :  others,  however,  became  dominant,  such  as  the  Spi- 
rifer  Archiaci,  with  its  elevated  area,  and  a  plicated  Terebratula  resembliug  T.  venti- 
labrum. 

At  Lebedian,  on  the  Don,  the  sloping  banks  of  the  river  give  a  section,  where 
upwards  of  seventy  feet  of  strata  are  exposed  in  the  following  order : — 

Feet. 

Black  earth  and  detritus   

ferruginous  grit  (greensand  ?)   3 

Devonian  Rocks. 

Miuly  limps  tone  .................................................... A 

Impure,  compact,  finely  laminated,  light  grey  limestone,  containing  remains  of  the 

same  species  f  of  fishes  as  at  Orel    10 

Flagstones  :  in  parts  magnesian  and  cavernous,  with  Lrplmm  captrata   8 

Finely  laminated  and  striated  siliceous  limestone    12 

Bed*  filled  with  the  saror  minute  fossil  as  at  Ottrada  (see  p.  57)    4 

Sandy  beds,  with  breccia-like  (concretionary  ?).  marly  limestone   4 

Thick  Hags  of  compact,  hard  limestone,  in  part  concretionary,  with  cavernous  sur- 
faces, and  filled  with  Sjiirtfrr  Archiaei  and  Ijrplawi  taprrala   12 

White,  marly  fragmentary  limestone,  with  broken  concretions    15 

Concretionary,  siliceous  limestone,  consisting  of  large,  spherical  concretions,  com- 
posed of  concentric  laminic,  forms  the  base  of  the  cliffs  

Beds  of  the  same  lithological  structure  as  those  previously  mentioned,  viz. 
yellow,  sandy,  magnesian  limestones  and  marls,  extend  to  Donkof,  a  little  to  the 
north  of  which,  we  place  the  upper  limit  of  the  Devonian  system,  in  this  parallel. 

The  peculiar  type  of  the  system  which  has  just  been  described,  being  so  very 
calcareous  and  so  equably  bedded,  is,  as  might  be  expected,  more  highly  charged 
with  the  remains  of  fossils,  than  the  red  and  green  marls,  impure  limestone  and 
red  sand,  which  lie  to  the  north  of  the  Moscow  basin  (see  Map  and  section  below 
it).  Organic  remains  are,  it  is  true,  much  more  abundant  in  some  parts  thau 
others.  Thus,  as  above  stated,  the  strata  which  have  afforded  us  the  greatest  num- 
ber of  species  of  shells  are  the  flag-like  limestones  near  Voroneje.  These  are 
probably  among  the  inferior  beds  of  the  central  region  ;  and  we  form  this  opinion, 
not  simply  because  Voroneje  is  situated  at  a  lower  level  than  Orel,  a  point  of 
some  little  value  in  a  country  where  the  strata  are  so  nearly  horizontal,  but  chiefly 
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from  zoological  evidences  ;  for  the  prevalent  forms  are  identical  with  those  of  the 
lowest  Devonian  rocks  of  other  countries '.  These  beds  may  be  strictly  com- 
pared with  the  Devonian  limestones  of  the  Boulonnais,  there  being  at  least  twelve 
species  of  characteristic  shells  common  to  the  Russian  and  French  localities,  as 
will  be  detailed  iu  the  sequel.  On  the  whole,  we  may  say,  that  the  sections  of 
the  Upper  Don*  have  afforded  about  thirty  species  of  true  Devonian  fossils, 
>'.  e.  of  characters  intermediate  between  those  of  the  Silurian  and  carboniferous 
types. 

Our  last  survey  of  Russia  has,  indeed,  impressed  us  forcibly  with  the  value  of 
possessing  a  correct  knowledge  of  the  fossils  of  this  system.  Unacquainted 
with  them,  and  the  place  which  they  occupy  in  the  series,  the  best  field-geolo- 
gist might  have  been  misled  in  making  out  the  true  succession,  in  the  little- 
disturbed  and  undulating  region  of  Central  Russia ;  for  in  proceeding  from  the 
Valdai  Hills  on  the  north  he  quits  a  Devonian  zone,  with  a  true  "  Old  Red  " 
type,  dipping  under  the  Carboniferous  rocks  of  Moscow,  and  having  passed 
through  the  latter,  he  finds  himself  suddenly  in  a  yellow-coloured  region,  entirely 
dissimilar  in  structure  to  what  he  has  seen  in  any  of  the  northern  governments. 
Hence  he  might  naturally  conclude — the  order  of  superposition  being  difficult  to 
trace,  and  the  level  of  the  country  being  considerably  higher  than  that  of  Moscow 
— that  he  had  reached  a  horizon  superior  to  the  carboniferous  limestone,  and  which, 
from  its  aspect,  might  be  the  Zechstein  or  magnesian  limestone :  and  yet  this  very 
zone  is  the  true  equivalent  of  the  Old  Red  system,  which,  loaded  with  its  cha- 
racteristic fossils,  rises  out  in  a  dome  or  broad-backed  elevation  to  form  the  central 
watersheds  of  the  empire. 

General  view  of  the  Organic  Remains  of  the  Devonian  Rocks  of  Russia. — Having 
shown  that  the  widely  spread  deposits  (No.  3  of  the  Map,  and  coloured  dull  red) 
are  the  true  equivalents  of  the  Devonian  rocks  of  Western  Europe,  their  founda- 
tion being  based  upon  Silurian  strata  and  their  upper  beds  covered  by  carbouiferous 
formations,  we  now  offer  a  few  general  remarks  upon  their  organic  remains.  The 
reader  who  is  acquainted  with  the  characteristic  fossils  of  this  age  in  Scotland, 
England,  and  parts  of  Germany  and  France,  has  learnt  by  the  perusal  of  the  pre- 
ceding pages,  that  in  its  Russian  development,  the  system  contains  an  union  of 

1  See  Murchison  on  the  Devonian  strata  of  the  Boulonnais.  Bulletin  de  la  Societc  Gcol.  de  France. 

vol.  xi.  p.  229. 

«  See  description  of  the  Organic  Remains  in  the  Third  Port. 
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pala-ontological  evidences  of  its  age,  which  are  not  so  clearly  exhibited  in  any  other 
country.  The  Old  Red  Sandstone  of  the  British  Isles,  for  example,  which  is  charged 
with  peculiar  ichthyolites,  several  of  which  have  been  already  alluded  to  as  also 
common  to  our  Russian  deposits,  has  never  yet  afforded  a  single  species  of  the 
Mollusca  so  prevalent  in  the  slaty  limestones  and  schists  of  Devonshire,  that  have 
been  placed  upon  the  same  parallel.  On  the  other  hand,  Devonshire,  the  Bou- 
lonnais,  and  the  greater  part  of  the  Rhenish  provinces,  where  these  Mollusca  abound, 
contain  none  of  the  Scottish  ichthyolites.  In  one  part  of  Belgium  and  in  the  Eifel 
only,  have  one  or  two  fossil  fishes  been  found,  associated  with  the  other  members  of 
that  fauna.  The  examination  of  Russia  has,  therefore,  not  only  enabled  us  to 
trace  these  deposits  over  an  enormous  area,  but  also  entirely  dispelled  any  doubts 
which  might  have  existed  in  respect  to  the  identity  of  the  Old  Red  Sandstone  of 
Scotland  with  those  slaty  rocks  of  Devonshire  and  the  Continent  with  which  it  had 
been  compared  '.  It  has,  in  short,  offered  numberless  proofs,  that  the  ichthyolites 
and  raollusks,  which  in  Western  Europe  are  separately  peculiar  to  smaller  detached 
basins,  were  here  cohabitants  of  many  parts  of  the  same  great  sea.  If  our  re- 
searches in  Russia  had  led  to  no  other  result,  they  would,  we  conceive,  have  well 
repaid  our  labours. 

The  fauna  of  the  Devonian  rocks  of  Russia  is,  indeed,  most  remarkable  in 
presenting  to  us  a  number  of  forms  of  each  great  class  of  animals,  which  are  posi- 
tively identical  with  species  hitherto  known  only  in  deposits  of  the  same  age  in 
Western  Europe.  Thus,  among  the  Mollusca,  these  rocks  contain  many  species 
of  shells  which  are  undistinguishable  from  published  Devonian  species.  The  most 
characteristic  of  these  have  been  already  cited  in  the  previous  pages,  or  are  men- 
tioned in  the  tabular  view  attached  to  the  Map,  and  the  remainder  will  be  enume- 
rated, and  the  whole  described  in  the  concluding  or  Third  Part  of  this  work. 

We  may,  however,  enumerate  two  or  three  general  results  of  our  inquiry.  The 
genus  Serpula,  for  example,  no  trace  of  which  has  been  discovered  in  the  Silurian 
rocks,  here  makes  its  first  appearance.  The  Orthoceratites  with  annular  siphons, 
and  of  which  the  O.  cochleatum  is  the  type,  are  peculiar  to  this  system.  Among 
other  important  distinctions  between  this  group  and  that  which  lies  beneath  it,  are 
the  appearance,  for  the  first  time  in  ascending  order,  of  Spirifers  with  simple  plaits, 
and  the  great  profusion  of  Terebratuke  ;  the  last-mentioned  genus  being  very  rare 

>  See  Gcol.  Tran*..  vol.  r.  p.  633,  vol.  ri.  p.  221 .    Sedgwick  and  Murchison. 
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in  the  Silurian  rocks.  On  the  other  hand,  Trilobites,  which  are  so  profusely  dis- 
tributed in  the  Silurian  rocks  of  the  Baltic  governments,  are  of  very  unusual  occur- 
rence in  the  Devonian  strata. 

But  the  greatest  distinction  of  all,  between  these  Devonian  beds  and  those  on 
which  they  repose,  is  ihe  profusion  of  ichthyolites,  none  of  which  are  found  in  the 
lowest  fossiliferous  system  of  Russia'. 

In  Polypifers,  the  Devonian  rocks  of  the  northern  and  central  districts  are  not 
rich,  as  might  be  expected  from  the  sandy,  marly  and  flag-like  nature  of  the  strata  ; 
but  on  travelling  to  the  confines  of  Asia,  we  find  that  beds  of  the  same  age  in 
the  Ural  Mountains,  having  the  subcrystulline,  slaty  and  calcareous  fades  of  the 
rocks  of  Devonshire,  are  like  them  loaded  with  corals.  Nay  more,  these  polypifers 
are  associated  with  several  species  of  mollusks  identical  with  those  of  the  British 
Isles,  whilst  the  agreement  between  these  very  distant  synchronous  deposits  is  still 
further  maintained  by  the  negative  feature  common  to  both,  of  the  absence  of 
ichthyolites. 

The  connexion  between  the  character  of  the  fossils  and  the  nature  of  the  matrix 
in  which  they  are  imbedded,  is,  indeed,  more  pointedly  brought  tafore  the  observer 
who  ranges  over  the  boundless  tracts  of  Russia,  than  in  any  other  country  which 
it  has  been  our  lot  to  examine.  In  Courland,  Livonia,  and  the  Baltic  governments, 
as  well  as  in  the  great  central  region  to  which  the  system  extends,  thin  beds  of 
finely  laminated  limestone  alternate  with  and  are  subordinate  to  great  masses  of 
sand,  marl  and  flagstone ;  and  whilst  in  the  thin  limestones  mollusks  prevail,  occa- 
sionally mixed  up  with  the  remains  of  fishes,  the  latter  are  often  found  exclusively 
in  marly  and  sandy  beds. 

Now  in  tracing  these  rocks  from  the  Baltic  provinces  on  the  south-west,  towards 
Archangel  on  the  north-east,  the  limestones  (as  stated  p.  48)  gradually  thin  out, 
and  the  system  (as  in  the  government  of  Olonetz)  being  represented  by  sand,  clay, 
and  sandstone,  we  there  lose  the  Mollusca,  and  find  that  the  rocks  having  the 
essential  characters  of  the  Old  Red  Sandstone  of  Scotland  are,  like  that  deposit, 
inhabited  by  fishes  only  I    A  remarkable  phaenoinenon,  in  showing  an  accordance 

1  Id  Great  Britain,  where  the  Silurian  system  is  so  copiously  developed,  no  ichthyolites  have  been 
discovered  by  the  authors  beneath  its  uppermost  member — the  Ludlow  rocks  .  but  very  recently  palates 
of  a  fish  have  Iwen  discovered  by  the  Rev.  P.  B.  Brodic,  near  Dursley  Cross,  May  Hill,  Gloucestershire, 
in  stratu  which  are  referred  to  the  Wcnlock  limestone.  It  is  possible  that  ere  long  some  trace  of  ichthy- 
olites may  be  found  in  the  upper  part  of  the  Silurian  rocks  of  Russia. 
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between  the  lithological  and  zoological  contents  of  rocks  of  the  same  age  in  the 
most  distant  countries. 

Again,  in  passing  from  the  Baltic  governments  into  the  central  country  of  Orel 
and  Voroncje,  we  perceive,  that  with  the  change  in  lithological  features  which  has 
been  described  (viz.  red  sands,  marls  and  calcareous  flags  prevailing  in  the  for- 
mer, and  yellow  magnesian  limestones  and  marls  in  the  latter),  a  corresponding 
change  occurs  in  the  relative  proportion  of  mollusks  and  fishes.  In  the  one,  the 
ichthyolites  predominate  in  number  of  genera  and  in  the  profusion  of  species  ;  and 
in  the  other,  whole  hands  are  loaded  with  characteristic  mollusks,  the  remains  of 
fishes  being  more  rarely  found  among  them. 

These  facts  concerning  the  relative  distribution  of  different  classes  of  the  sub- 
marine fauna  of  an  ancient  period,  the  earliest  in  this  part  of  the  world  in  which 
Vertebrata  have  yet  been  discovered,  present  strong  analogies  to  the  manner  in 
which  the  adjacent  parts  of  the  present  seas  are  inhabited.  The  great  receptacles 
of  fishes  are  often,  if  we  mistake  not,  deep  sandy  bottoms,  in  which  comparatively 
few  shelly  creatures  exist,  whilst  the  latter  are  prone  to  congregate  in  multitudes 
towards  the  shores,  where  calcareous  springs  and  other  favouring  circumstances 
attract  them. 

Abandoning,  for  the  present,  these  general  zoological  analogies,  we  might  now 
proceed  to  cite  the  language  of  Professor  Agassiz  and  Professor  Owen,  who  have 
each  contributed  to  this  work,  by  developing  the  character  of  the  ichthyolites  of 
the  Devonian  system  of  Russia  ;  but  we  refer  to  their  own  words,  as  given  in  the 
Third  Part  of  the  volume.  We  must,  however,  anticipate  their  remarks  so  far  as 
they  bear  upon  our  general  conclusions.  We  have  already  alluded  to  such  of  those 
fossil  fishes  as  were  discovered  by  M.  Pander  and  Professor  Asmus  ;  and  we  know 
that  these  authors  were  about  to  publish  works  descriptive  of  the  Russian  ichthy- 
olites of  their  respective  neighbourhoods  (Riga  and  Dorpat).  Not  doubting  the 
ability  with  which  they  will  describe  such  remains,  we  had  too  many  obvious  and 
pressing  reasons  to  refer  all  our  specimens  to  Professor  Agassiz.  Our  great  object 
is  distinctly  to  place  in  parallel,  the  palaeozoic  types  of  Russia  with  those  of  the 
countries  with  which  we  are  acquainted,  through  our  own  labours  in  the  field,  and 
the  fossils  of  which  have  been  described  by  good  naturalists.  Among  the  latter, 
it  is  well  known  that  Professor  Agassiz  has,  from  the  commencement  of  our  palae- 
ozoic researches,  taken  the  lead  in  describing  ichthyolites.  With  his  powerful 
mind,  and  by  having  at  his  disposal  the  remains  of  fossil  fishes  from  many 
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regions,  he  has  been  enabled  to  institute  general  comparisons,  and  to  trace  their 
resemblances  and  differences  in  various  formations,  over  all  those  parts  of  Europe 
which  geologists  have  explored.  No  naturalist,  however  accomplished,  who  is 
acquainted  with  one  group  of  ichthyolites  only,  could  afford  us  the  knowledge 
of  which  we  stood  in  need.  To  M.  Agassiz,  then,  we  referred  all  those  remains 
of  fishes  with  which  our  explorations  in  Russia  had  furnished  us,  being  assured 
that  it  was  in  his  power  to  clear  away  the  great  difficulties  in  which  the  study  of 
the  fragments  of  ichthyolites  is  involved.  Whatever,  therefore,  may  be  the  name, 
which  the  Russian  naturalists  above  alluded  to  might  be  about  to  give  to  the  fossil 
fishes  of  their  own  country,  we  trust  that  the  nomenclature  of  Agassiz  will  be 
adopted  by  them,  as  forming  part  of  a  great  scheme  of  ichthyolitic  classification, 
which  has  beeu  carried  out  in  accordance  with  physical  phenomena  and  the  dis- 
tribution of  mineral  masses  as  determined  by  geologists. 

Professor  Agassiz  acquaints  us,  that  of  the  specimens  which  wc  referred  to 
him  there  are  certainly  eight,  and  probably  ten  species,  which  arc  common  to 
the  Old  Red  Sandstone  of  Scotland  and  the  Russian  strata.    "  So  complete," 
says  he,  "  is  this  identity,  that  the  specimens  of  the  two  countries  resemble  each 
other  to  the  extent  of  being  confounded,  often  appearing  to  be  the  very  casts 
of  each  other.    It  is  rare  (he  adds)  to  find  so  perfect  a  resemblance  occurring 
among  specimens  in  the  very  same  locality,  and  there  cannot  therefore  exist  the 
smallest  doubt  as  to  the  geological  horizon  to  which  these  fossils  belong."  The 
species  which  are  thus  identical  are,  the  Glyptosteus  facosus,  Ag.,  Chelonichthys 
Asmusii,  Ag.  (the  name  given  to  the  strange  monster  mentioned  p.  53),  Diplo- 
pterus  macrocephalus,  Ag.,  Holoptychius  Nobilissimus  (Ag.  Sil.  Syst.),  Dendrodus 
slriyatus,  Owen,  Lamnodus  biporcatus,  Ag.  (Dendrodus  biporcatus,  Owen),  Cricodus 
incurvus,  Ag.  {Dendrodus  incurvus,  Owen)  ;  whilst  two  other  species,  Glyptosteus 
rcticulatus,  Ag.,  and  Chelonichthys  minor,  Ag.,  are  presumed  to  be  the  same  as 
fragments  which  AI.  Agassiz  possesses  from  the  north  of  Scotland. 

With  this  striking  coincidence,  there  are,  however,  great  distinctions  between 
the  group  of  Russian  ichthyolites  of  this  deposit,  when  viewed  as  a  whole,  and 
that  of  the  British  Isles,  for,  as  Agassiz  well  remarks,  some  of  the  forms  most 
characteristic  of  the  system  in  Scotland  have  no  analogues  even  in  Russia.  Such 
are  the  Acanthodians,  which  division  comprehends  the  genera  Acanthodes, 
Diplacanthus,  Cheiracanthus  and  Cheirolepis,  and  the  genera  Pterichthys  and  Cepha- 
laspis  of  the  group  of  Coccosteini  of  that  author.    Nor  has  the  very  common 
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Scottish  genus,  the  Coccosteus,  yet  heen  found  in  Russia  ;  for  although,  when  upon 
the  spot,  we  were  disposed  to  consider  certain  inammi Hated  scales  and  bones  as 
belonging  to  that  genus  (see  Proceedings  of  Geol.  Society,  vol.  iii.  p.  401),  we  now 
learn  from  the  great  ichthyologist,  that  it  is  not  present,  though  its  place  is  taken 
by  the  allied  genera  Glyptosleus  and  Chelonichthys.  And  here  it  is  gratifying  to 
reflect,  that  some  of  the  more  perfect  specimens  which  we  brought  from  Russia 
have  enabled  M.  Agassiz  to  describe,  for  the  first  time,  the  less  well-preserved  frag- 
ments of  bone  which  he  formerly  procured  from  Scotland,  but  which  he  had  put 
aside  as  doubtful  forms.  All  these  Ganoid  types,  as  well  as  the  very  peculiar 
Russian  genus  Placosteus,  Ag.,  and  other  Placoid  fishes  of  the  genera  Ctenoptyehius 
and  Ctenacanthus,  will  be  described  in  their  appropriate  place,  accompanied  by  some 
ingenious  observations  of  the  author,  on  the  analogies  which  a  comparison  of  the 
contents  of  the  Russian  and  Scottish  deposits  has  enabled  him  to  draw,  between  the 
conditions  of  that  ancient  epoch,  and  the  existing  distribution  of  fishes  in  the  dif- 
ferent seas  of  Europe  (see  Part  III.). 

We  cannot,  however,  quit  this  subject,  without  alluding  to  the  great  light  which 
is  thrown  upon  ancient  nature,  by  the  application  of  the  microscope  to  fossil  teeth 
and  boues.  To  Professor  Owen  geologists  arc  most  indebted  for  the  new  employ- 
ment of  this  valuable  power.  First  testing  its  importance  in  distinguishing  Mam- 
malia and  Saurian-  he  also  applied  it  to  certain  teeth  of  fishes  brought  to  him 
from  Scotland,  and  discovering  in  them  a  dendridic  disposition  of  the  vascular 
canals,  he  named  the  genus  Dendrodus.  Now,  on  submitting  to  Professor  Owen 
some  teeth  of  similar  outline  and  appearance  from  Riga  in  Russia,  he  detected  by 
the  same  process,  that  they  were  absolutely  identical  with  those  from  Scotland, 
which  he  had  named  Dendrodus  strigatus  as  the  type,  with  D.  hiuttalus,  D.  bipor- 
catus  and  D.  mcurvus  as  subordinate  species.  In  the  subsequent  account  of  the 
organic  remains,  this  point  will  be  illustrated  by  Professor  Owen  himself. 

But  the  value  of  this  application  of  the  microscope  does  not  stop  here,  for  whilst 
we  write,  Professor  Agassiz  acquaints  us,  that,  availing  himself  of  the  weapons 
which  Professor  Owen  had  so  skilfully  wielded,  he  has  commenced  a  series  of  re- 
searches, not  only  into  the  teeth,  but  also  into  the  structure  of  all  the  hard,  enamelled 
bones  of  the  Russian  fossil  fishes,  and  by  which  he  will  be  able  to  show  the  same 
distinction  in  the  other  bones  of  the  different  genera  of  this  class,  which  Professor 
Owen  has  successfully  established  in  relation  to  the  bones  of  the  higher  orders  of 
animals.  He  has,  indeed,  already  forwarded  to  us  a  diagram  which  shows  in  three 
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small  sections,  the  distinctive  osteological  characters  of  the  remarkable  genera 
Glyptosteus,  Chelonichthys  and  Pmmmolcpis  \ 

Returning  from  this  digression,  we  cannot  better  conclude  our  present  subject, 
than  by  reminding  the  reader,  that  the  Devonian  rocks  of  Russia  are  of  very- 
dissimilar  lithological  structure  in  different  tracts  of  this  vast  empire.  In  one 
tract  they  are  composed  of  red  and  green  flags  and  marls,  in  another  of  red  sand- 
stone, and  in  a  third  of  magncsian  limestones  and  marls  of  light  and  yellow 
colours ;  whilst  in  the  Second  I'art  of  this  work,  we  shall  have  to  speak  of  them, 
in  the  Ural  Mountains,  as  black  and  calcareous  slaty  masses.  Looking,  there- 
fore, to  these  facts,  and  having  further  ascertained  that  the  ichthyolites  of  the 
Old  Red  Sandstone  of  Scotland,  and  the  Devonian  mollusks  of  England  and  the 
Continent,  are  here  intimately  associated,  we  have  no  hesitation  in  adhering  to 
the  word  "  Devoniau,"  and  in  urging  geologists  to  follow  our  example.  That  term, 
we  repeat,  was  adopted  to  prevent  tbc  confusion  arising  from  the  employment 
of  the  name  Old  Red  Sandstone,  so  inapplicable  to  great  tracts  of  Europe  where 
the  system  prevailed,  but  where  its  existence  had  been  unnoticed,  because  it  con- 
tained no  traces  of  red  sandstone.  In  the  preceding  pages  we  have  offered  strong 
reasons  for  the  use  of  the  new  term  in  Russia,  by  pointing  out  that  great  portions 
of  the  deposits  of  this  age,  which  are  there  neither  red  nor  sandy,  contain  those 
forms  of  extinct  life  which  have  been  published  and  adopted  as  Devonian  types. 

1  This  drawing  of  the  internal  structure  of  the  above-named  ichthyolites,  and  ekctche*  of  the  external 
form  of  all  the  characteristic  Russian  species,  will  be  given  in  the  Third  Part  of  tbi*  work. 
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CARBONIFEROUS  SYSTEM. 

Carboniferous  System  of  Northern  and  Central  Russia  the  equivalent  of  the  Mountain 
Limestone  of  Great  Britain. — Divided  into  three  Fossiliferous  Zones. — Lower  Zone 
with  seams  of  Coal  in  Sand  and  Shale  described  in  the  Valdai  Hills. — Extension 
of  Limestone  to  Vitegra. —  Wliite  Limestone  of  Archangel. — Great  Central  Basin  of 
Carboniferous  Limestone . — Lower  Southern  edge  of,  near  Kaluga,  Tula,  Sfc. —  White 
Limestone  of  Moscow.—  Extension  of  this  central  mass  along  the  river  Oka  to 
Kasimnf  and  Jelatma. —  Upper  or  Fusulina  Limestone  at  Kovrof  and  near  Samara 
on  the  Lower  Volga. 

We  have  now  to  treat  of  a  system  equally  vast  in  horizontal  extension  with  that 
which  has  been  just  described,  and  infinitely  more  important  in  mineral  contents. 
In  the  older  paleozoic  rocks  of  Russia  we  met  with  no  signs  of  terrestrial  fossil 
vegetables,  still  less  with  any  traces  of  carbonaceous  matter,  but  we  no  sooner 
ascended  to  the  horizon  of  the  strata  under  consideration,  than  coal  beds  occur, 
and  we  were  surrounded  by  organic  remains  which  characterize  the  great  Carboni- 
ferous epoch. 

Throughout  the  whole  of  the  enormous  area  over  which  this  system  extends  (see 
letter  c  upon  the  Map),  the  subsoil,  whether  in  the  northern  or  central  govern- 
ments, or  in  the  southern  steppes,  consists  of  limestones,  with  beds  of  sandstone, 
shale  and  marl,  which  are  the  undoubted  equivalents  of  the  Mountain  Limestone 
or  lower  portion  of  the  Carboniferous  group  of  English  geologists.  The  upper 
member  of  this  system,  which  is  so  copiously  developed  in  Western  Europe  under 
the  names  of  coal-measures  and  "  terrain  houiller",  has  not,  as  will  hereafter 
appear,  any  decided  representative  in  Russia,  where  the  rocks  of  this  epoch  are 
analogous  to  the  carboniferous  deposits  of  Ireland,  which,  though  very  largely 
developed,  contain  no  representative  of  the  upper  and  productive  coal-fields  of 
Great  Britain1. 

>  Sec  Griffith's  Geological  Map  of  Ireland. 
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In  sketching  the  features  of  this  great  expanse  of  calcareous  matter,  we  shall  follow 
the  same  course  as  that  adopted  in  the  preceding  chapter,  by  resuming  the  account, 
in  the  ascending  order,  from  the  strata  of  the  preceding  system,  with  which  the 
beds  under  consideration  are  in  contact.  We  first,  therefore,  describe  the  lower 
members  on  the  Msta  and  the  Priutchka,  and  then  follow  them  in  their  extension 
to  the  north-east,  south-west,  and  south-east.  The  description  of  the  southern 
carbouiferous  tract,  so  important  from  its  mineral  contents,  will  occupy  the  next 
chapter. 

In  our  last  year's  survey  we  were  led  to  divide  the  chief  calcareous  mass  of  this 
system  into  three  subformations,  each  typified  by  characteristic  fossils.  When, 
however,  fully  developed  (as  on  the  western  flank  of  the  Ural  Mountains),  the 
limestones  are  surmounted  by  a  peculiar  group  charged  with  Goniatites,  and  made 
up  of  grits,  flagstones  and  conglomerates  (see  Tabular  view  and  Chapter  VII.). 

The  attention  of  the  reader  is  now  called  to  the  lower  or  great  calcareous 
masses  only  ;  and  these,  constituting  the  whole  Carboniferous  system  of  northern, 
central  and  southern  Russia,  consist  in  ascending  order  of — 

1 .  Lower  limestone,  with  Productus  ginanteus  ;  for  the  most  part  dark  grey  and 
bituminous,  and  which  is  associated  with  sands  and  a  little  coal. 

2.  Middle  or  white  Moscow  limestone,  with  Spirifer  Mosquensis  {Choristiles, 
Fisch.).  This  portion  is  void  of  carbonaceous  matter  in  the  northern  or  central 
governments,  but  in  the  southern  steppes  contains  coal  of  good  quality. 

3.  Upper  Umcstone,  with  Fusulina  cylindrica  (Fisch.),  without  coal  in  the  north 
or  upon  the  Volga,  but  in  the  south  containing  a  little. 

Lower  Limestone,  $e.  in  the  Valdai  Hills.— The  lower  limestone  may  here  be 
detected  at  many  places  along  the  southern  and  eastern  edge  of  the  Devonian  rocks, 
which  it  immediately  surmounts.  Its  bottom  beds  consist  of  sand  and  shale, 
which,  however  slight  may  be  their  commercial  value  in  any  tract  yet  explored,  are 
unquestionably  of  the  same  age,  and  occupy  the  same  geological  position  as  the 
productive  British  coal-field,  which  on  the  banks  of  the  Tweed  rises  out  from 
beneath  the  great  mass  of  the  mountain  limestone  of  Northumberland1. 

In  the  natural  sections  of  the  Msta  and  its  tributary  the  Priutchka  in  the  eastern 
part  of  the  Valdai  Hills,  the  lowest  carboniferous  beds,  or  those  immediately  above 

1  See  Transaction!!  of  the  Nat.  Hist.  Soc.  of  Newcastlc-on-Tync,  vol.  i. ;  in  which  the  memoirs 
of  Mr.  N.  Wood,  Mr.  Winch,  and  particularly  a  paper  by  Mr.  WiUiam.  show  the  position  of  this  coal- 
field. Having  revisited  the  coast  near  Berwick  since  our  return  from  Russia,  we  must  say,  that  this  coal- 
field, so  very  low  in  the  series,  is  worthy  of  being  described  in  greater  detail. 
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the  red  and  green  Devonian  marls,  Sec.  before  described  (p.  46),  are  seen  to  consist 
of  the  following  ascendiug  order  : — 

g.  Sands  :  generally  incoherent,  of  light 
yellowish  colour,  occasionally  passing  into 
sandstone,  with  pyritized  plants,  chiefly 
Stigmaria  ficoides,  &c.  On  the  Msta,  these 
sands  are  not  less  than  thirty  feet  thick, 
while  on  the  Priutchka  they  do  not  exceed 
six  feet. 

h.  Bituminous  schists,  with  Coal.  On  the 
Msta  the  coal  is  so  thin  and  poor  as  hardly 
to  merit  that  name  ;  on  the  Priutchka,  however,  the  bituminous  schists  having  a 
total  thickness  of  about  forty  feet,  are  characterized,  in  their  upper  portion,  by  four 
beds  (i)  of  impure,  imperfectly  consolidated,  pyritous  coal,  which  is  partially  ex- 
tracted in  horizontal  galleries.  The  uppermost  bed  is  ten  inches,  the  lowest  five 
thick.  Some  of  the  tertiary  lignites  of  Germany  and  France  arc  superior  in  cpaa- 
quality  to  this  material,  which  has  been  even  named  by  Colonel  Helmersen  "3/or 
kohl,"  but  it  may  prove  serviceable  when  the  great  rail-road  to  Moscow  is  com- 
pleted. 

Red,  white,  and  green  argillaceous  marls  (j)  surmounted  by  whitish  sands  with  red 
bands  (k),  and  mottled  marls  (/)•  The  last-mentioned  support  the  lowest  beds  of 
the  carboniferous  limestone.  On  the  Priutchka  these  sands  and  marls  occupy  a 
thickness  of  about  seventy  feet. 

m.  Lower  Limestone  of  both  dark  grey  and  purplish  colours  and  compact  struc- 
ture, divided  into  several  beds  which  vary  in  different  localities  from  two  to  two 
and  a  half  feet  each  in  thickness.  The  way-boards  between  these  strata  are  often 
dark-coloured  schists,  more  or  less  bituminous,  as  well  as  the  limestones.  The 
characteristic  fossils  of  this  lower  bed  of  limestone  (m)  are  the  large  Productits  gi- 
ganteus  [hemisphericus,  Sow.)  or  P.  variabilis  of  Russian  authors,  P.  punctatus  (Sow.), 
P.  antiquatus  (Sow.),  and  the  large  coral  Chtetetes  radians  (Fischer),  with  Encri- 
nites.  The  shells  are,  it  is  well  known,  common  to  the  mountain  limestone  of 
England,  and  the  coral,  Chatetes  radians,  is  found  in  the  same  rock,  both  near 
Bristol,  where  Mr.  Lonsdale  discovered  it,  and  in  Northumberland  and  Westmore- 
land, where  we  have  recently  collected  it. 

n.  White  Limestone. — It  is  doubtful  whether  this  band  of  limestone  can  be  con- 

l2 


7  bis. 
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sidered  to  represent  the  same  member  of  the  series  as  the  white  limestone  here- 
after to  be  described,  which  is  so  abundant  near  Moscow  and  to  the  south  of  that 
city,  for  we  did  not  detect  its  characteristic  fossil,  the  Spirifer  Mosquensis  (Fisch.), 
in  the  Valdai  Hills.  This  upper  limestone  of  the  Priutchka  (twelve  to  fifteen  feet 
thick)  is  milk-white,  resembling  the  finest  varieties  of  "  calcaire  grossicr,"  and  con- 
tains Bellerophon  clathratus  (D'Orb.),  Cirrus  rotundatus  (Sow.),  =  Euomphalus  Dio- 
nysii  (Goldf.),  Pecten  AW  (Eichw.),  Orthis  arachnoides  (Phill.),  Productus  striatus1 
{\fytilus,  Fisch.),  P.  scabriculus  (Sow.),  Nautilus  titberculutus  (Phill.),  Orthoceras 
annulatum  (Sow.),  Cidarites  Dcueulionis  and  Pyrula  monticola  (Eichw.),  with  corals, 
including  Lit  host rotion  floriforme,  Fenestelht,  &c. 

Maynesian  Limestone. — Without  pretending  to  assert  that  the  mineral  succession 
which  we  observed  in  the  sides  of  the  brooks  above  the  Priutchka,  particularly  on 
the  rivulet  Stolobna,  is  to  be  taken  as  the  type  of  the  strata  in  other  places,  we  may 
state,  that  upon  the  left  bank  of  that  brook,  the  cliffs  (fifty  feet  high)  exhibit  a 
series  of  very  varied  beds  inclined  at  35°  to  40°,  and  including  yellowish,  sandy, 
dolomitic  limestones,  sometimes  very  earthy  and  impure,  and  some  remarkable 
bands  of  flint,  as  represented  in  the  annexed  woodcut. 

12. 


a.  Stronir-hftloftl,  dark  piirpUih  limntimr,  diOnraUil  al<.nir  tlu-  nmrw  irf  thr  mulrt  StnU»hna — 6.  S*j*K,  niitt  marii — 1>  whttr  limnCorc .- 
if-  RVil  anil  irlViauUi  ajfillat*iin»  winiU.—  «•.  Rftl  rial  ,  ticft.mMui  aa»iUli>n*.  Ap.—  /  f.fryi.h  a^itc  liannrfjaftr. — ft.  Tlun-IaxltlM  iIiMik  —  A.  RitumiCKai* 
•chia!  —  <.  Vriluatah.  wrodf,  martmiu  linaatMW.— j.  r«i«i  uf  flat-l.rii.lril  flint.  roUxilmal*  to  •ami?  nu^ir-ian  linmtiinr.— *.  Vallii*  mamniian 
limmuair— f.  riltit  larrra  rriirateil  intwo  nwrara  —  m.  fir-ynh  rnmiula  liromimt,  m,  o,  Itr,  ohiHi  an  t*.l  Mi;  draar.  m  llv>  amalml.  rrntr. 
M-nt  in  aamidina  unkf  a  cuurw  <4  flint,  &ry  llua-liedilrd  liuaaliine,  artii  grrrtii»Ji  marLrunr,  wind-  nUimtua  tlmty  hand,  ilwll  rrrcnadi.  rartfiT,  immur 

Besides  displaying  both  magnesian  and  white  limestone  so  common  in  the  Car- 
boniferous  system  of  Russia,  this  section  is  instructive  in  exposing  certain  bands  of 
siliceous  matter,  which,  from  the  durability  of  their  fragments,  when  broken  up, 
are  permanent  features  in  the  detritus  of  Russia,  just  like  the  chalk  flints  of 

'  This  shell,  so  characteristic  of  the  carboniferous  limestone  in  the  most  distant  countries,  is  known 
under  several  synonyms.  It  was  first  named  and  figured  by  Fischer  Mytilus  ttriatu*.  and.  believing  with 
M.  dc  Buch  that  it  is  a  true  Productus.  wc  have  retained  the  earliest  specific  name.  It  is  the  Pinna 
inflata  (Phill.).  Productu*  limaformU  (V '.  Buch).  and  the  Lrptiena  anomala  (Sow.).  Vet.  with  these  dif- 
ferent names,  the  shell  is  identically  the  same  from  Britain  to  Siberia. 
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Western  Europe,  which  they  much  more  resemble  than  any  varieties  of  the  chert 
of  the  mountain  limestone. 

In  treating  of  the  Silurian  strata  near  St.  Petersburgh,  we  have  before  remarked 
that  it  was  on  the  sides  of  the  hills  only,  and  in  ravines  of  the  hilly  district,  that 
small  local  dislocations  were  observable,  and  so  is  it  in  the  Valdai  Hills,  where, 
although  the  gorges  for  the  most  part  show  beds  perfectly  horizontal  (as  in  the 
woodcut,  p.  71.),  they  also  exhibit  local  disruptions,  as  on  the  Stolobna  rivulet. 

The  fossils  which  we  collected  at  this  place  arc  the  small  Trilobite  Otarion 
Eichuultli  (Fisch.),  Orthoceratites  ornutus  (Amplexus  ornutus,  Eichw.),  Gerrillia 
lawinosa  (Phill.),  Bellcrophon  depressus  (Eichw.),  Avicula  Volt! aim  (nob.l,  Solemt/a 
primteva  (Phill.),  Spirifer  glaber  (Sow.),  Productus  scubriculus  (Sow.),  P.  latissimus 
(Sow.)  a  small  variety,  Terebratula  hastata  (Phill.  var.),  Orthis  arachnoidea  (Phill.), 
with  Ch/etetes  radians,  Lithostrotion ,  and  other  corals,  several  of  which  occur  in 
England.  It  is  worthy  of  remark,  that  in  these  magncsian  beds,  the  fossils  present 
their  interior  casts  only,  the  surfaces  of  which  arc  covered  with  small  crystals  of 
dolomite1.  These  sections  of  the  tributaries  of  the  Msta  have  been  dwelt  upon, 
because  we  nowhere  else  saw  so  good  an  ascending  succession  from  the  Devonian 
beds,  through  the  overlying  coal-bearing  strata  and  the  lower  limestones. 

Extension  to  Vitegra.  White  Limestone  of  Archangel.— Before  we  trace  the  car- 
boniferous limestone  over  the  great  basin  of  Moscow,  in  which  its  central  member 
is  so  much  developed,  we  would  tirst  describe  its  range  to  the  north-east.  Ex- 
posed on  the  banks  of  the  rivers  Kolp  and  Suda,  between  Tichvin  on  the  north- 
west and  Tcherepovctz  on  the  south-cast,  its  northernmost  limits  range  by  Vitegra 
and  the  plateaus  north  of  the  Andoma.  Rising  to  the  surface  throughout  con- 
siderable flat  tracts  near  Kargapol,  it  is  continuous  across  the  Onega,  appears  in 
force  upon  the  Dwina  to  the  south  of  Kholmogor,  and  passing  that  river,  ex- 
tends by  the  north  of  the  Pinega  to  Mezene,  the  capital  of  the  country  of  the 
Samoiedes'.    The  southern  limits  of  this  limestone  may  be  indistinctly  traced  at 

■  The  above  observation  applies  very  generally  to  all  the  crystalline  limestones,  largely  charged  with 
magnesia.  Hie  fossils  which  arc  obtained  from  the  magncsian  variety  of  the  Mountain  Umestom-  at 
Breedon  Hill.  Leicestershire,  such  as  Productus,  Orthis,  and  Spirifer,  the  latter  having  the  spiral  brachia 
beautifully  preserved,  occur  only  in  the  state  of  casts,  having  their  surfaces  coated  with  regular  dolomitic 
crystals.  The  fossils  of  the  Magncsian  Limestone  of  Humblcton  Hill,  near  Sunderland,  arc  also  found 
in  the  same  state. 

"  Our  knowledge  of  the  extreme  points  to  which  this  limestone  extends  on  the  north-east,  beyond 
Mezene,  as  represented  in  the  Map,  has  been  very  recently  obtained  by  one  of  us  (Count  Keyserling)  from 
the  distinguished  botanist  and  traveller  M.  Ruprecht.— Dec.  1842. 
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intervals  beneath  the  drift  to  mark  its  general  direction,  in  a  line  passing  between 
the  lake  Biclo-Ozero  and  the  town  of  Kirilof,  a  few  miles  only  to  the  north  of  the 
latter,  and  thence  to  the  banks  of  the  Dwina  near  Siiskaya. 

On  the  Andoma  near  Vitegra  the  lower  or  hard  grey  beds  cover  the  same 
yellow  sandstone  and  carbonaceous  shale,  and  contain  the  same  fossils  as  in  the 
Valdai  Hills,  viz.  the  Product™  striatus  and  the  Cha-tetes  radians  (Fischer).  In 
the  calcareous  woodland  plateau  of  that  district,  the  white  limestone  of  the  forma- 
tion assumes,  indeed,  a  character  which  we  have  not  seen  elsewhere.  It  may  be 
called  a  coral  reef,  to  the  formation  of  which  the  Chaletes  radians  has  profusely 
contributed,  and  the  limestone,  in  some  places  as  white  as  chalk,  has  been  aggre- 
gated in  large  concretion ary  masses,  with  cavities  occasionally  containing  caverns 
of  some  extent  '. 

Other  beds  of  the  limestone  in  the  same  district  are  of  ding)'  yellowish  colour. 
On  the  whole,  the  strata  represented  in  this  woodcut,  though  clearly  forming  the 
bottom  of  the  limestone,  are  not  so  dark-coloured  as  in  many  other  places. 

8  bit. 


TV  lnwttf  cnrboai/eToui  bob  in  thu  •*rtu«i  trt  tV  «*n.l«  *ml  bttntmnniM  »iuJr  ■-  ,  wliM-h  hrr*  lienimr  rrrr  inconMdtnUe  *ad  rrrvwe  on  the 
Ikerntuan  pmA»  *  Mid  A  .  Tom  fullim*  ihr  |m-itiwr  rmllinr  form  of  the  Unicttutir  «f  ,  irregular  in  iu  iIcjhmii  toil  thinning  oat  on  the  me,  to  pre 
fkm  H  •  ifrr"  "»»•»  o(  per  bmeuooe  (#1. 

From  all  that  we  could  sec  of  the  limestone  in  its  course  to  the  north-east,  we 
believe,  indeed,  that  its  bituminous  and  dark-coloured  beds  gradually  thin  out  and 
disappear  j  and  the  coral  reefs  with  Chsetetes  were  never  observed  by  us  to  the 
north-cast  of  the  canal  Maria. 

On  the  bankB  of  the  rivulet  Vitegraski,  seven  versts  south  of  Vitegra,  the  lower 
limestones,  with  Chtetetes  radians,  Harmodites  purullelus  (Fisch.),  and  other  fossils, 
are,  however,  much  expanded,  and  form  strong  cliffs,  in  which  purplish  and  greyish 
hard  bands  are  associated  with  a  dolomitic  variety.  Here  the  limestone  overlies 
the  usual  inferior  beds  of  black,  bituminous*  shale  and  incoherent  yellow  sand- 

1  The  pure  white  colour  of  this  limestone  ha*  induced  some  individuals  to  reduce  great  quantitie«  of  it 
to  powder,  and  when  kneaded  into  a  paste,  it  is  sold  chiefly  for  the  purpose  of  whitening  the  churches 
and  other  building*,  according  to  a  custom  very  prevalent  in  Russia. 

•  The  bituminous  Bchist  in  parts  of  this  tract  might  almost  be  used  as  a  black  pigment. 
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stone  with  coal-plants  ;  the  latter  being  well  seen  in  the  cliffs  at  the  mouth  of  the 
valley. 

/.  Gny  oHionilno*  UaiMtooe  .urn-  13' 

4.  Biuuui<Kiii>  alulr,  —  tl*  irpr«wii«a.  << 
•.  lii*rftutauxl».«UbM4tfl»<irl>l>W'<. 

The  peculiarity  of  this  section  consists  in  a  variety  of  magnesian  limestone 
occurring  at  the  very  base  of  the  calcareous  group,  and  also  in  red  and  green 
mottled  shale  (d)  being  placed  between  the  limestone  and  the  inferior  yellow  sands 
(c).  In  the  last  respect,  however,  the  lithological  succession  is  pretty  nearly  the 
same  as  that  seen  on  the  Stolobna,  in  the  Valdai  Hills. 

To  the  east  of  Vitegra,  in  the  flat  ground  between  that  place  and  the  Mgra,  the 
white  limestone  prevails,  and  at  one  small  quarry  we  collected  many  fossils  in  beds 
of  a  yellowish  and  white,  sandy  limestone,  pisolitic  in  some  parts,  and  having 
very  much  the  aspect  of  the  oolitic  tertiary  deposits  of  Lower  Styria'.  Here  the 
Nautilus  tuberculatus  (Sow.)  and  Spirifer  Mosquensis  (Fischer)  abounded,  with 
other  fossils,  among  which  we  may  here  note  Cardium  elongatum  (Sow.),  Buccinum 
acuium  ^Sow.),  with  the  Chatetes  radians  and  Lithostrotion  Jloriforme  (Martin),  and 
fragments  of  Terebratula,  Natica,  T\irritella,  Avicula,  &c. 

Great  masses  of  the  limestone  occur  in  cliffs  on  both  banks  of  the  river  Vitegra, 
where  it  feeds  the  great  canal  Maria,  at  Dwytenskaya,  the  central  station  near  the 
crest  or  watershed  of  this  region  before  alluded  to  (p.  14).  Again  we  found  the 
Chatetes  radians  and  many  fossils,  including  Leptana  Hardrensis  (Phill.),  Cida- 
rites  Deucalionis  (Eichw.),  and  a  new  species  of  Natica  which  we  have  named 
N.  Maria. 

As  our  observations  between  this  spot  and  the  Dwina  were  confined  to  the  vici- 
nity of  the  high  road,  the  reader  will  not  expect,  particularly  in  a  country  of  such 
monotonous  outline,  that  we  should  be  able  to  point  out  the  exact  order  of  each 
stratum.  We  must  therefore  content  ourselves  with  stating,  that  a  large  region 
is  composed  of  carboniferous  limestone,  different  beds  of  which  are  exposed  on  the 
sides  of  the  road  which  makes  great  flexures  to  the  south-cast  or  north-west. 

In  the  flat  tracts  east  and  west  of  Cargopol,  the  white  limestone  forms  the  sur- 
face, and  disintegrating  in  many  places  into  a  fine  gravel,  is  dug  out  by  the 

1  See  Trans.  Geol.  Soc.  Lond.,  vol.  iii.  p.  397  (Scdpwick  and  Murchieon). 
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peasants  to  form  the  roads,  which  in  consequence  are  there  excellent.  At  Braiicva, 
the  first  station  beyond  Cargopol,  the  Spirifer  Mosquensis  occurs  ;  and  at  Volo- 
solskaya  a  section  exposes  hard  limestone,  subordinate  to  red  and  green  marls. 
These  arc  covered  by  white  and  yellowish  sandy  limestones,  full  of  fossils,  in 
which  the  Avicula  lunulata  =  Gervillia  lunulata  (Phill.),  and  the  Natica  Maria  (nob.), 
prevailed. 

At  this  locality,  where  the  road  makes  a  bend  to  the  east  and  south,  or  towards 
the  overlying  deposits,  we  first  met  with  Fusulina?,  fossils  which  we  shall  hereafter 
show,  are  abundant  in  the  upper  calcareous  strata  only.  The  limestone,  often  the 
white  variety,  occupying  a  low  ridge  between  Archangclskaya  and  Korishcvo,  is 
even  seen  to  crop  out  and  form  ledges  for  some  distance,  a  rare  phenomenon  in 
this  district,  and  it  reappears  at  intervals  as  far  as  Denislofskaya,  beyond  which  it 
is  obscured  by  the  drift  of  clay,  sand  and  boulders.  Wherever  the  calcareous 
rock  comes  near  the  surface,  the  vegetation  is  rich  in  papilionaceous  plants,  and 
the  larch  (Pinus  Larir)  occurs  amid  the  common  northern  firs,  with  which  and 
the  birch-tree  this  region  is  so  much  covered.  At  Archangelskaya  we  collected 
Spirifer  glaber  (Sow.),  S.  Lamarckii  (Fisch.),  S.  incrassatus  {Terebratula,  Eichw.), 
O.  nrachnoides  (Phill.  var.),  Productus  scabriculus  and  antiquatus,  Cardium  elonga- 
tum,  Sow.  {Pleurorhynchus,  Phill.),  Xatica  Maria  (nob.),  with  Cnlamopora  incrus- 
tans  (Phill.)  and  Cidarites  Deucalionis  (Eichw.).  At  Denislofskaya  the  prevalent 
fossils  were  Productus  antiquatus,  Terebratula  pitfjmts  (Sow.),  and  Euoniphalus  pen- 
tangulatus  (Sow.).  Beneath  the  hills,  of  150  to  200  feet  in  altitude,  the  summits 
of  which  are  occupied  by  drifted  materials,  the  limestone  again  appears  in  a  low 
ledge  along  the  edges  of  the  river  Dwina.  Between  Siiskaya  and  Rakolskaya,  on 
the  road  to  Archangel,  the  left  bank  of  this  magnificent  river  (which  even  here,  at 
100  miles  above  its  mouth,  is  broader  than  the  Thames  at  Greenwich,)  exhibits 
cliffs  of  limestone,  which  in  summer,  when  the  stream  is  low,  appear  at  heights  of 
thirty  and  forty  feet  above  the  water,  and  are  covered  towards  the  interior  of  the 
country  by  mounds  and  terraces  of  detritus. 

This  white-coloured  limestone  of  the  Dwina  is  rich  in  organic  remains,  and  con- 
tains many  of  the  species  already  mentioned  in  other  localities,  particularly  the 
Spirifer  Mosquensis,  Lepteena  Hardrensis,  and  two  species  of  Cidaris,  one  of  which 
is  the  Cidarites  Devcalionis.  The  other  fossils  are  Spirifer  rotundatus  (Sow.), 
S.  rhomboidcus  (Phill.),  Productus  pvnetatus,  P.  antiquatus,  Euomphalus  calyx 
(Phill.),  Orthis  arachnoides  (Phill.  var.),  with  a  fish's  tooth.    Beds  similar  to 
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those  upon  the  Dwina,  and  containing  some  of  the  same  shells,  with  the  corals 
Lithostrotion  floriforme  and  Harmodites  parallels,  were  ohserved  by  us  to  extend 
for  a  short  distance  up  the  river  Pinega.  The  lower  carboniferous  strata  are  ob- 
scured on  the  banks  of  the  Dwina,  and  we  would  recommend  those  who  follow 
us,  to  descend  the  river  Onega,  which  passes  through  a  gorge,  about  seventy 
miles  above  the  town  of  that  name,  and  where  a  junction  of  the  limestone  and 
underlying  Devonian  rocks  is  said  to  be  exposed.  We  adhere,  however,  to  the 
belief  before  expressed,  that  the  bituminous  shale  and  sands  and  dark  limestones 
thin  out,  and  that  the  subformations  of  the  system  are  not  nearly  so  much  deve- 
loped in  their  north-eastern  range,  as  in  the  central  regions  of  Russia,  to  the 
consideration  of  which  we  now  return. 

Great  Central  Basin  of  Carboniferous  Limestone. — By  reference  to  the  Map  it  will 
be  seen,  that  from  the  Valdai  Hills  as  a  centre,  the  carboniferous  limestone  extends 
not  only  to  the  north-east,  into  the  country  we  have  been  describing,  but  also 
by  Moscow,  and  far  to  the  south  and  south-east  of  that  city.  We  know  little  from 
personal  observation  of  the  western  side  of  this  great  mass,  the  boundaries  of  which 
arc  with  difficulty  denned,  in  consequence  of  the  superficial  detritus  with  which  it 
is  covered.  On  the  east,  however,  we  endeavoured  to  trace  it  in  a  tedious  course 
by  Tcherepovetz,  Ustiujna,  Mologa,  Rybinsk  and  Yaroslavl,  and  having  also  made 
traverses  across  the  governments  of  Vologda,  Perm,  &c,  we  are  enabled  to  state, 
that  no  Carboniferous  limestone  appears  in  the  wide  area  coloured  red  (No.  4)  to 
the  east  of  the  Volga,  until  you  reach  the  flanks  of  the  Ural  Mountains. 

Confining  our  remarks  in  the  first  instance  to  the  lower  division,  we  may  state  that 
our  researches  along  the  southern  edges  of  the  Moscow  basin  afforded  us  precisely 
the  same  results  as  in  the  Valdai  Hills  upon  the  north.  In  the  zone  of  country 
extending  from  the  north  of  Lichvin,  on  the  west  by  Peremishel  to  Tula,  the  lower- 
most carboniferous  strata,  which  succeed  to  the  Devonian  rocks,  consist  of  sand 
and  shale,  with  thin  coal-seams,  which  are  immediately  surmounted  by  a  lime- 
stone with  Productus  giganteus. 

The  thickness  of  the  sand  and  sandstone  varies  in  different  places,  and  the  thin 
courses  of  coal  which  are  subordinate  to  them,  vary  considerably  in  quality  and 
thickness  in  different  localities.  Thus  at  Jeleniena,  north  of  Lichvin,  bands  of 
poor  coal  appear  in  a  ravine  under  the  village,  subordinate  to  bituminous  schists, 
some  of  which,  like  many  similar  beds  in  England,  sound  like  wood  under  the 
hammer.  Incoherent  sands  surmount  the  black  mass,  and  sandy  layers  with  stems 
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of  Stigmaria  ficoides  appear  at  intervals,  whilst  the  impure  and  slightly  consoli- 
dated coal  is  for  the  most  part  very  pyritous,  containing  both  sulphuret  of  iron 
minutely  disseminated,  and  small  geodes  of  crystallized  pyrites.  To  show  the 
slight  persistence  of  any  one  of  these  coal  seams,  we  may  state,  that  in  the  bold 
cliffs  of  the  Oka  at  Vornova,  opposite  Peremishl,  they  are  represented  (as  on 
the  Andoma,  in  the  government  of  Olonetz,  see  p.  74)  by  a  band  of  bituminous, 
stiff,  black  clay.  This  woodcut  conveys  a  clear  idea  of  the  order,  the  sands  and 
shale  being  covered  by  the  Productus  limestone. 


Near  Alexina  the  coaly  matter  in  the  same  strata  expands  so  as  to  form  layers 
subordinate  to  sands  and  shale.  The  thickness  and  relations  of  the  coal-seams 
vary  exceedingly  in  at  least,  forty  localities,  where  they  have  recently  been  ex- 
plored by  Colonel  Olivieri.  In  all  the  chief  points,  however,  he  has  invariably 
observed  the  same  order  of  superposition  as  that  which  is  conveyed  in  the  above 
diagram,  viz.  sands,  shale  and  coal,  surmounted  by  the  limestone  with  Productus 
(jiganteus.  Most  of  these  localities  have  been  marked  in  detail  by  that  officer  on 
the  map  of  Schubert,  and  we  visited  some  of  them  with  him. 

Throughout  this  region,  as  in  the  Valdai  Hills,  the  coal  is  very  pyritous,  impure, 
fragile  and  light,  and  seldom  equals  in  quality  the  best  lignites  of  the  Tertiary  age 
in  the  Alps  (Styria,  &c).  We  would  account  for  the  bad  condition  of  this  carbo- 
naceous matter,  by  the  strata  in  which  it  lies  not  having  assumed  a  lapidified  con- 
dition, or  having  never  undergone  consolidation.  The  sands,  in  fact,  are  often 
as  incoherent  as  the  dunes  of  a  sea-shore,  the  shale  is  mere  blue  clay,  and  the  asso- 
ciated lignite  is  naturally  light  and  impure,  representing  the  first  and  second  stages 
only  in  the  chemical  change  which  plants  undergo  in  their  transition  into  coal. 
Some  seams,  however,  are  superior  in  quality  to  others,  from  three  to  six  feet 
thick,  and  presenting  a  natural  outcrop  in  many  ravines,  the  coal  might  be  extracted 
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at  slight  cost.  It  may  therefore  doubtless  be  protitably  used  in  manufactories, 
and  subsequently  supply  steam-engines,  when  the  great  railroad  now  commenced 
shall  have  been  completed'.  The  chief,  indeed  the  only  fossil  plant  which  we  ob- 
served in  this  coaly  deposit,  Ls  the  Stigmaria  Jicoides.  As  we  have  seen  it  both 
in  the  sands  and  shale  associated  with  the  coal,  its  position  in  Russia  did  not  seem 
to  us  to  afford  evidence  in  favour  of  a  theory  which  has  recently  become  preva- 
lent in  England,  that  this  plant  was  a  sort  of  gigantic  marsh  or  lagoon  creeper,  and 
that  all  coal  strata  in  which  it  was  found  were  formerly  jungles,  marshes  or  masses  of 
vegetation  which  subsided  upon  the  spots  of  their  growth.  Again,  the  facts  that  the 
underlying  Devonian  beds  are  charged  with  fishes  and  marine  shells,  and  that 
the  Stigmaria  sands  resting  on  them  are  surmounted  by  another  marine  limestone, 
prevent  our  hastily  applying  this  theory  to  the  Russian  coal  deposits.  We  shall 
revert  to  this  subject  in  our  description  of  the  coal-fields  of  the  Donetz,  where  the 
evidences  still  more  decisively  prove  a  marine  succession,  and  are  therefore  much 
opposed  to  such  a  theory. 

Lower  Limestone  of  Tula  and  Kaluga. — This  limestone  affords  the  same  clear 
horizon-line  in  the  lower  division  of  the  Carboniferous  system  of  the  governments 
of  Tula  and  Kaluga,  as  it  does  in  the  Valdai  Hills  and  other  parts  of  the  north  of 
Russia  ;  being  very  generally  characterized  by  the  presence  of  the  Productus  gigan- 
teus  (hemispharicus,  Sowerby).  In  the  cliffs  opposite  Peremishl  (see  woodcut  in 
opposite  page),  and  other  places  where  we  saw  it,  the  limestone  is  a  hard  rock 
with  conchoidal  fracture,  of  grey,  whitish  and  bluish  colours,  and  is  divided  into 
beds  from  two  to  four  feet  thick.  It  is  sometimes  siliceous,  and  contains  flattened 
concretions  and  obscure  lamina?  of  flinty  chert  and  even  of  pure  flint.  At  Tarusa 
on  the  Oka  we  found  in  it  Productus  giganteus,  P.  latissimus,  P.  punctatus,  Euom- 
phalus  pentangulatus,  Solemya  primava  (Phill.),  Catenipora  {Harmodites  parallelus, 
Finch.),  with  Pinna,  casts  of  Bellerophon,  Turbo  and  Natica,  and  stems  of  Stig- 
maria  Jicoides.  Again  on  the  river  Ocetre,  in  the  government  of  Tula,  the  Pro- 
ductus giganteus  occurs  and  is  there  associated  with  the  P.  striatus.  At  Alexina,  the 
limestone  overlying  the  coal  and  sands,  contains  the  Productus  giganteus  with  P.  lo- 
batus  (Sow.),  Orthis  (Spirifer)  resupinata  (Sow.),  and  0.  arachnoidea  (Phill.  aflin.). 

In  the  neighbourhood  of  Kaluga  this  lower  limestone  expands  and  divides  itself 

1  Two  thousand  poods,  or  about  twenty-five  tons  of  this  coal  were  sent  by  Colonel  Olivieri  for  trial  to 
Mukow  last  summer,  but  some  of  the  localities  are  too  distant  from  water-carriage  to  render  such  supply 
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into  two  or  three  courses,  alternating  with  thin  seams  of  shale  and  impure  coal. 
This  hand  is  overlaid  in  the  neighhourhood  of  Serpuchof,  as  in  the  Valdai  Hills, 
hy  other  courses  of  grey  limestone,  sometimes  associated  with  shale,  which  near 
the  former  place  is  of  red  and  greenish  colours,  and  in  these  rocks  wc  collected 
Orthis  resupinuta,  O.  aruchnoidea ,  Spirifer  glaber  (Sow.),  and  S.  (Anomia)  trian- 
gularis (Mart.). 

White  Limestone  of  Moscow,  with  Spirifer  Mosquensis. — This  limestone  is  very 
characteristic  of  the  Russian  carboniferous  group,  in  which  it  occupies  a  central 
place  and  has  an  enormous  extension.  It  ranges,  in  fact,  from  the  neighbourhood 
of  Moscow,  to  the  south  of  Kolmogor  near  Archangel,  and  well  developed  at  many- 
places  around  Moscow,  it  stretches  out  from  near  Serpuchof  along  the  course  of 
the  Oka  to  the  south-east  into  the  government  of  Riaizao.    In  this  woodcut  we 

15. 

*■   \^r*>^^       -  -  -  .  — ^  ^^g^'^  ' 

m.  Wh.le  aivl  nuzn'tian  car*"wiif*nm«  hrrnwtnn*  with  K/i'rif'r  Ur^ptnwiM. 

*,  r.  Lt>*rr  «h»lr  with  AmmiT.ltrt.  Brlrmrtltr*.         **r,il»  ind  «h»lr  with  Jiit»»»s<  ((Mail, 

J  Trm»n  AMU  «nJ.l.».r. 

..  IWraa.  »»l  4r.ll.  .«S  •..rU.m.  bl.Tk. 

offer  a  general  view  of  the  relations  of  this  white  limestone  to  the  overlying  strata 
as  seen  on  both  banks  of  the  river  Moskva,  near  Miatchkova,  to  the  south  of 
Moscow.  When  examined  in  a  single  quarry  and  in  tracts  where  the  strata 
of  all  ages  are  so  generally  horizontal,  the  overlying  Jurassic  beds  appear  to  be 
conformable  to  the  carboniferous  limestone  ;  but  on  examining  the  country  it  is 
found,  that  the  surface  of  the  latter  rock  is  uneven,  rising  and  sinking  beneath  the 
superjacent  strata,  like  the  corroded  chalk  of  Western  Europe  beneath  the  Tertiary 
deposits. 

The  prevalent  characters  of  the  rock,  as  it  appears  in  the  governments  of  Tver 
and  Moscow,  is  a  white,  more  or  less  coarse-grained,  limestone,  or  "  calcaire 
grossier1."    At  the  quarries  of  Miatchkova,  represented  in  part  of  the  above 

1  All  the  limestone  coloured  light  yellow  on  the  tnnp  of  the  environs  of  Moscow,  '  Oryctographic 
de  Moacou'.  1830-1837.  hy  M.  Fischer  de  Waldheim.  is  of  the  carboniferous  age.  Guided  too  much 
by  lithological  characters,  M.  Fischer  referred  some  of  these  beds  to  the  coral  rag,  and  at  the  time  of  his 
publication  considered  them  to  be  superior  to  the  Lias,  but  recently  our  excellent  friend  has  seen  cause 
to  change  his  mind  and  adopt  our  views.  In  the  sequel  wc  shall  have  numerous  occasions  to  express 
our  obligations  to  Dr.  Fischer,  and  to  show  how  much  service  he  has  rendered  to  science  by  his  publica- 
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woodcut,  the  lower  strata  are  composed  of  the  excellent  white  limestone  of  which 
Moscow  is  chiefly  built,  surmounted  by  beds  of  a  compact,  yellow  magnesian  lime- 
stone with  flat  and  conchoidal  fracture,  and  often  a  pure  dolomite  without  the 
appearance  of  crystalline  structure. 

At  Pudolsk  on  the  river  Pakra,  the  uppermost  beds  of  the  white  limestone  con- 
tain a  little  chert,  and  have  in  parts  a  coarse  oolitic  structure.  These  rest  upon 
a  thicker  bedded  rock,  with  courses  of  flint  and  some  magnesian  strata  of  a  cavern- 
ous nature.  It  would  thus  appear,  that  the  white  limestone  alternates  with  mag- 
nesian bands,  for  at  Miatchkova  they  overlie,  and  here  they  underlie  that  rock. 
Wc  have  already  described  magnesian  limestones  of  the  Devonian  age,  and  in 
addition  to  their  great  frequency  in  the  carboniferous  rocks  we  shall  hereafter  point 
out  their  prevalence  in  an  overlying  system. 

Though  very  generally  preserving  its  most  characteristic  fossils,  the  Spirifer 
Mogquensis  (Fisch.),  P.  punctatus,  P.  antiquatus,  and  P.  lobatus  (Sow.),  this  rock 
changes  its  lithological  associations  in  different  places.  We  have  already  alluded 
to  the  occurrence  of  red  and  green  marls  with  the  limestone  on  the  route  to 
Archangel.  The  same  relations  are  seen  at  one  spot  on  the  banks  of  the  Moskva, 
near  Moscow,  as  pointed  out  to  us  by  an  English  gentleman,  Mr.  Frcars,  long 
resident  in  that  city  Again,  at  Radionofka,  twelve  versts  north  of  Seq>uchof,  a 
section  in  a  ravine  exposed  a  thin  band  of  the  white  limestone,  with  Spirifer  Mos- 
quensis,  associated  with  flinty  or  cherty  and  yellowish  bands,  passing  down  into 
red  and  green  marls  with  geodes  of  impure  limestone,  the  whole  based  upon  mica- 
ceous, incoherent,  green  sands. 

In  fact,  the  prevalence  of  red  and  green  marls,  6halcs,  and  sands  throughout  the 
lower  palaeozoic  series,  and  in  the  overlying  Permian  deposits  which  we  shall  after- 
wards describe,  is  one  of  the  striking  lithological  features  of  Russian  geology.  The 
sections  on  the  Oka,  to  which  we  now  direct  attention,  are  specially  illustrative 
of  this  feature. 

Moscow  Limestone  on  the  Oka. — This  central  member  of  the  carboniferous  lime- 
stone is,  perhaps,  more  fully  exposed  and  with  a  greater  variety  of  lithological  fea- 
tures, on  the  banks  of  the  river  Oka  between  Serpuchof  and  Kolomna,  than  in  any 
other  part  of  the  wide  region  over  which  it  is  spread. 

In  descending  this  river  from  Serpuchof,  some  bands  of  white  and  grey,  brown  and 

1  In  a  subsequent  chapter  wc  shall  speak  of  other  researches  of  Mr.  Frears,  and  of  the  instructive 
suites  of  JurwMiic  fossils  which  he  collected  around  Moscow  aud  kindly  placed  at  our  disposal. 
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yellow  limestone,  containing  Productus  spinulosis  (Sow.),  P.  antiquatus,  and  Litho- 
strotion  fioriforme,  are  seen  at  Lutshki,  where  they  repose  on  red  argillaceous  marls  ; 
and  a  few  versts  lower  down  the  river  atTiesholovo,  twenty-five  feet  of  similar  red 
marls  surmount  a  white  limestone,  twenty  feet  thick,  which  descends  to  the  water's 
edge.  At  Putshino,  a  few  hundred  yards  beyond  this  spot,  a  section  exposes 
the  white  limestone,  charged  with  Spirifer  Mosquensis,  surmounted  by  red  grit 
and  resting  upon  white  and  rose-coloured  marls,  which  alternate  with  other  and 
thinner  bands  of  limestone,  containing  the  same  characteristic  shell.  The  cliff  at 
this  spot  is  not  only  interesting,  in  exhibiting  the  Moscow  limestone  subordinate 
to  red  and  variegated  sandstone  and  marl,  but  also  in  exposing  a  vast  accumula- 
tion of  calcareous  tufa,  not  less  than  110  feet  thick,  and  charged  with  existing 
species  of  Helix  and  Limnaia.  As  this  tufa  is  seen  to  rest  upon  Borne  of  the  car- 
boniferous strata,  it  has  probably  exuded  from  other  and  higher  layers  of  the  same 
formation,  in  the  manner  represented  in  this  woodcut. 
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Outcrops  of  the  Umestone  are  also  seen  at  the  village  of  Tultshino ;  but  the  most 
remarkable  section,  visible  in  any  portion  of  this  tract,  is  that  of  Kashirov,  where 
upwards  of  250  feet  of  strata  are  seen  in  the  following  order  in  ascending  from  the 
level  of  the  Oka. 
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The  upper  beds  are  the  most  fossiliferous,  but  the  same  species  of  shells  are 
found  also  in  the  lowest  strata.  Among  these  the  most  abundant  are  Orthis  eximia 
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(Produetus,  Eichw.),  Spirifer  Mosquensis,  Products  antiquatus  (the  variety  without 
concentric  striae),  Melania  rugifera  (Phill.),  Euomphali,  with  fragments  of  small 
Trilobitcs,  Reteporae,  &c. 

At  Romanovo  and  Lublino  the  limestone  appears  again  in  force,  but  at  the  latter 
place,  in  a  thickness  of  150  feet,  the  red  and  green  marls  have  to  a  great  extent 
disappeared ;  whilst  a  little  further  on  they  reappear,  and  below  Rostshielaf  a  rock 
of  brick  red  sandstone  is  intercalated  between  calcareous  marl  and  limestone,  the 
whole  reposing  on  beds  with  Spirifer  Mosquemis.  Other  bands  of  white  marl  and 
limestone  range  onwards  to  Kolomna,  one  bed  of  which  contains  the  corals  Strom, 
bodes  pentagonus,  Chatetes  radians  and  Cyathophyltum,  and  another  the  OUUtrut 
Rossicus  (V.  Buch.).  These  strata  rest  upon  a  mass  of  Spirifer  limestone.  The 
white  limestone  which  is  here  quarried  for  budding,  is  equally  associated,  as  in 
the  neighbourhood  of  Moscow,  with  a  yellow,  magnesian  variety  like  that  of 
Miatchkova  and  other  places  near  the  metropolis  ;  which  is  usually  employed  as  a 
road-stone. 

In  making  allowance  for  the  undulation  of  the  strata  and  also  for  the  thinning 
out  of  some  layers  and  the  reciprocal  substitution  of  limestone  for  marl  and  sand- 
stone, and  vice  versd,  we  believe  that  the  Oka,  in  its  course  from  Serpuchof  to 
Kolomna,  exposes,  on  the  whole,  a  descending  section,  and  therefore  that  the  lime- 
stone of  the  latter  place  is  the  lowest  stratum  of  this  section.  For  although  no 
perceptible  inclination  can  be  detected  in  the  strata,  at  the  greater  number  of  the 
spots  cited,  there  is  a  rise  to  the  north,  from  the  angle  where  the  river  flows  north- 
wards towards  Kolomna.  We  also  draw  our  conclusion  from  the  manner  in  which 
the  limestone  near  Serpuchof  is  surmounted  by  much  red  earth,  and  still  more 
from  the  succession  of  fossils ;  for  in  the  upper  portion  of  the  great  cliff  at  Ka- 
shirov,  the  Orthis  eximia  is  abundant  and  characteristic,  and  we  shall  afterwards 
show  that  this  shell  is  never  found  in  the  lowest  limestone,  but  is,  on  the  contrary, 
associated  with  Fusulina1,  in  the  limestone  which  we  consider  superior  to  that  which 
we  are  now  describing. 

With  this  central  member  of  the  carboniferous  limestone  we  group  all  the  strata 
which  extend  southwards  and  eastwards  to  Riaizan  and  Kasimof.  In  these  regions, 
however,  it  is  at  rare  intervals,  and,  as  usual,  on  the  sides  of  the  water-courses  only, 
that  the  rock  can  be  seen.  Near  the  post-bouse  of  Gorodnia,  south  of  Kolomna, 
and  on  the  banks  of  the  Occta  river,  we  detected  white  limestone  in  masses  up- 
wards of  100  feet  thick,  associated  with  courses  ofblack,  grey  and  yellow  flints. 
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One  of  the  most  remarkable  outcrops  of  the  limestone  from  beneath  the  sands 
or  clays  which  so  generally  obscure  the  rocks  of  the  government  of  Riaizan,  is  at 
the  ancient  Tartar  town  of  Kasimof.  The  rock  must  here  be  of  great  dimensions, 
for  it  rises  from  the  level  of  the  Oka,  to  plateaus  at  least  300  feet  above  it.  Some 
beds  are  so  yellow  and  magnesian  (they  lie  chiefly  towards  the  middle  of  the  sec- 
tion), that  they  cannot  be  distinguished  from  specimens  of  zeehstcin,  like  which 
they  often  disintegrate  into  a  fine  powdery  sand,  and  the  lower  beds,  which  are 
hard  and  white,  project  upon  the  road  which  descends  from  the  town  to  the  ferry 
over  the  river. 

Here  we  found  some  characteristic  fossils,  together  with  spines  of  the  same 
species  of  Echini,  as  on  the  Dwina,  near  Archangel '. 

The  rocks  of  white  limestone  (in  this  region  void  of  alternating  red  marls 
and  sandstones)  extend  from  Kasimof  towards  Jelatma,  where  they  are  sur- 
mounted both  by  Jurassic  strata  and  ferruginous  sands.  At  the  iron-works  on 
the  little  river  Unja,  a  tributary  x)f  the  Oka,  the  lowest  beds  visible,  as  seen 
on  the  right  bank  of  the  stream,  in  the  high  road,  and  not  far  distant  from  the 
foriie,  consist  of  thin-bedded,  concretionary,  hard,  flag-like  beds,  in  parts  cavernous, 
and  fissured  by  many  vertical  joints.  On  the  opposite  bank,  the  beds,  being  slightly 
inclined  to  the  east-south -east,  may  be  followed  across  a  low  promontory,  sub- 
tended by  the  river,  in  which  they  appear  as  represented  in  this  woodcut. 


18. 


a.  l.imr*timr.  rnn<raltd. 

ft-  VrlU»wi»h  a:i>l  macneaian  litnratona.  with  thinly  laminated  basda  of  flint  a*d  rfhwwu  arftOArtwtua  uaT-bcauda.  The  rack  i»  eery  rmrernoue,  and 
the  cevitiea  an  often  lined  with  corala,  chiefly  a  lars*  CyaOKrpliylliuii  |  aw!  atexei«  tat  other  fcaaila  ar*  Orlkit  ariaua,  IWwtu  rvwoioVi.  P.  um- 
•'.(.'..■  It.  ft.),  /'.  ..fietaarwa.  Sfinfrr  JfaeywriMie,  Lrplnm  llnrimau,  Kith  Knerial.  Thaaa  bede  arc  eotruded  nil  tha  ilirfare,  anil  their  aoDernrlel 
lapWllM  tiled  with  inm  aan4  ara  atarrrrdni  at  a  little  diatarare  la  thr  ebfT  liy  a  whit*,  hard.  flag-Uke.  eandy  Imratoa.  r  .  Tl«  iron  aanda  ;  «  . 
wU^h  r.,..,  uid>«TOnm.l«ly  Uir  denwded  br.l.  .»  liuaretuoe  and  the  dnft  y  ,  aUl  be  deambtd  in  .UDeenuent  chapter. 

As  the  carboniferous  limestone  is  succeeded  in  a  very  short  space  by  Jurassic 
strata,  which  are  clearly  exposed  on  the  banks  of  the  Oka,  near  the  adjacent 
town  of  Yelatma,  aud  as  all  the  region  to  the  south  is  occupied  by  cretaceous  or 

■  Kasimof  U  a  very  picturesque  town,  and  the  Oka  is  there  a  magnificent  stream.  Any  traveller  would 
be  well  repaid  by  visiting  a  spot  so  celebrated  in  Russian  history,  and  in  which  a  very  ancieut  tower  and 
mosque  of  the  Tartars  arc  still  to  be  seen  among  the  gay  churches  of  their  conquerors. 
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tertiary  rocks  (see  Map)  and  vast  tracts  of  sand,  it  is  evident  that  the  regular 
ascending  section  has  here  been  interrupted  throughout  this  region  as  in  the  neigh- 
hourhood  of  Moscow  (see  woodcut,  p.  80). 

Fusulina  Limestone. — Upper  Division  of  Carboniferous  Limestone. — Our  most 
recent  researches  have  convinced  us,  that  the  limestone  charged  with  Fusulina, 
which  during  our  first  journey  we  had  seen  in  the  government  of  Archangel 
only,  but  which  we  then  could  not  separate  from  the  other  masses,  is,  in  truth, 
a  superior  member  of  the  great  deposit  of  carboniferous  limestone.  In  a  flat 
region  like  Russia,  where  the  same  beds  range  over  such  very  wide  spaces,  the 
order  of  superposition  of  the  different  members  of  a  system  can  seldom  be 
seen  in  any  one  section.  In  the  southern  carboniferous  tracts,  where  the  strata  are 
highly  inclined,  better  proofs  of  this  order  are  naturally  obtained,  in  sections  which 
will  presently  be  described.  In  the  mean  time  we  may  remark,  that  from  the 
great  extension  of  the  strata  on  the  eastern  limits  of  the  large  area  of  carboniferous 
limestone,  of  which  Moscow  is  the  centre,  it  is  impracticable  there  to  trace 
so  clear  a  sequence.  In  one  district  only  were  we  enabled  to  see  what  may 
be  considered  a  passage  into  beds  of  nearly  this  age,  in  the  white  limestone 
which  is  worked  along  a  low  ridge  extending  from  Kosrof  to  Velicovo  on  the 
right  bank  of  the  Nerecta,  a  tributary  of  the  Kliasma.  The  sand  and  clay  (drift) 
having  been  removed,  and  the  beds  laid  bare  by  the  workmen,  the  best  or  white 
courses  of  the  rock  are  extracted  (above  Velicovo)  from  beneath  coarse  roof-stones, 
and  though  almost  horizontal,  these  strata  incline  slightly  to  the  east-north-east, 
so  as  to  pass  under  the  red  deposits  of  the  great  basin  of  Nijni  Novogorod.  In 
these  bands,  in  which  chert  is  no  longer  so  abundant  as  in  the  central  limestone, 
we  did  not  perceive  any  Producti,  the  fossils  being  Euomphalus  pentangulatus,  Spi- 
rifer  Mosquensis,  with  an  occasional  Fusulina. 

As  this  limestone  of  Velicovo  differs,  somewhat,  from  all  the  bands  we  have 
hitherto  described,  lies  upon  the  exterior  of  the  great  carboniferous  masses,  and  is 
followed  on  the  east  by  newer  deposits,  we  had  no  hesitation  in  considering  it  to  be 
the  superior  member  of  the  carboniferous  limestone.  We  have  already  adverted  to 
Fusulina  limestone  in  the  north  (p.  76),  and  in  pursuing  our  journey  from  Moscow 
to  the  east  upon  two  lines  of  research,  we  met  with  this  rock  at  one  other  locality- 
only,  viz.  at  the  village  of  Schwetzi,  north-west  of  Murom.  Beyond  this  boundary, 
all  the  vast  region  extending  to  the  foot  of  the  Ural  Mountains  is  composed  of  the 
overlying  deposits  which  we  have  called  Permian.    To  the  south,  however,  after 
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dipping  beneath  the  surface  throughout  large  tracts,  occupied  sometimes  by 
secondary  and  at  other  times  by  tertiary  rocks,  which  we  shall  presently  describe, 
this  younger  member  of  the  carboniferous  limestone  reappears  in  great  force  on 
the  right  bank  of  the  Volga,  and  occupies  the  splendid  cliffs,  200  to  300  feet 
high,  between  Simbirsk  and  Samara,  which  give  rise  to  that  remarkable  flexure  in 
the  course  of  this  monarch  of  European  streams,  which  is  seen  on  every  map  of 


At  the  mouth  of  the  Ussa,  and  on  the  Volga,  the  beds  are  exposed  in  a  fine  ver- 
tical section  in  the  following  ascending  order,  and  consist  of — 

a.  Thick  beds  of  grey  sandy  limestone  with  Ortkis 
resupinata  ? ;  and  a  small  species  associated  with  Fu- 
sulina;. The  vertical  face  of  this  lower  stratum  is 
affected  to  a  height  of  thirty  feet  by  the  action  of  the 
periodical  vernal  rise  of  the  waters,  the  least  solid  por- 
tions being  corroded,  and  other  parts  protruding  in 
undulating  depressions,  and  the  whole  polished  and 
smoothed  off,  the  highest  water-mark  line  being  very  permanent1. 

b,  c,  d.  White  limestone  of  soft  texture,  and  charged  with  myriads  of  the  Fusu- 
lina cylindrica,  alternating  with  other  beds  of  grey  and  yellowish  colours,  more  or 
less  compact,  of  scaly  conchoidal  fracture,  in  which  Euomphalus  pentangulatus 
and  Orthis  resupinata  are  occasionally  detected,  and  round  concretions  of  very  pure 
flint  are  not  unfrequent.  Corals  and  Encrinites  also  occur,  and  among  the  former 
are  species  of  Turbinolia,  Cyathophyllum,  Retepora,  and  Fcnestella,  which  will  be 
described  in  the  Third  Part  of  the  work.  In  those  parts  of  the  cliff  which  have 
stood  firm,  the  surface  is  covered  by  an  ochreous  coloured  lichen,  but  whenever 
the  opening  of  the  fine  symmetrical  joints  has  given  rise  to  the  fall  of  large  masses 
of  the  rock,  the  white  and  grey  colours  are  well  exposed. 

e.  Thinly  laminated,  almost  papyraceous  strata,  with  courses  of  a  lithographic 
stone,  much  resembling  that  of  Solenhofen,  surmounted  by  bands  of  pure  Fusulina 
limestone,  from  fifteen  inches  to  four  and  five  feet  thick  (Upper  quarries). 

/  and  g.  Thin,  rubbly  limestones,  with  occasional  Fusulina;  and  courses  of  chert, 
rise  to  the  summit  in  a  slope,  and  complete  these  sections  of  Fusulina  rock,  which 
is  at  least  200  feet  thick.    As  other  and  higher  hillocks  rise  to  the  back  of  this 

•  This  pha-uomcnon  is  common  throughout  all  tho«!  parts  of  Russia  where  rocky  clilf?  an-  at  hand  to 
the  limits  of  the  rise  of  water  during  the  great  floods  of  the  spring. 
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cliff,  which,  owing  to  tempestuous  weather  we  were  prevented  from  examining,  it 
is  probable  that  the  ascending  series  may  be  better  traced  by  those  who  succeed 
us,  and  who  may  detect  a  passage  into  newer  deposits. 

Pallas,  with  his  usual  perspicuity,  notices  this  singular  limestone  of  the  Volga 
and  speaks  of  the  Fusulina?  as  small  Madreporites  resembling  grains  of  wheat,  but 
he  gives  no  sections  of  the  strata,  nor  could  he  in  his  day  have  spoken  of  their 
geological  relations,  for  our  science  was  then  unknown.  There  now  seems  no 
reason  to  doubt,  that  the  Fusulina  is  a  foraminifer,  closely  allied  to  the  Alveolina 
(D'Orbigny),  and  as  countless  millions  must  have  succeeded  each  other  when 
these  finely  laminated  strata  were  accumulated,  we  would  now  merely  remark,  that 
their  method  of  conservation  is  a  strong  proof  of  the  very  tranquil  condition  of 
the  sea  in  which  they  were  deposited. 

The  limestone  we  have  been  describing  is  capped  in  some  parts  of  this  remark- 
able promontory,  particularly  near  Usolie',  by  a  tufaceous  agglomerate,  made  up  in 
great  part  of  the  limestone  itself,  which  is  probably  a  part  of  the  great  Permian 
system,  to  be  described  as  occupying  large  tracts  east  of  the  Volga,  in  the  govern- 
ments of  Kasan,  Perm  and  Orenburg.  In  following,  however,  the  river  toSysran, 
the  Fusulina  limestone  is  covered  by  dark-coloured  Jurassic  shale  containing 
Ammonites.  The  sequence  of  the  strata  on  the  western  side  of  this  tract  is,  in 
fact,  interrupted,  and  those  members  of  the  geological  series  which  exist  in  some 
other  parts  of  Russia,  between  the  carboniferous  limestone  and  the  Jurassic 
system,  are  here  absent,  as  at  Moscow  (see  p.  80). 

In  concluding  our  account  of  the  carboniferous  limestone  of  Northern  and  Cen- 
tral Russia,  we  may  repeat,  that  we  consider  the  Fusulina  limestone  to  constitute 
its  uppermost  member,  being  invariably  found  near  the  southern  and  eastern 
frontier  of  the  formation,  where  it  is  succeeded  by  rocks  of  the  age  of  the  Zech- 
stein  (see Map).  Thus  in  the  northern  tracts,  extending  from  the  south  of  Vitegra 
to  the  Dwina,  Fusulina?  have  been  noticed  at  Perkina  and  Filosofskaya,  in  the  inte- 
rior at  Velikovo,  and  upon  the  Ussa,  as  just  described.  Fischer  has  noticed 
these  fossils  in  the  government  of  Vladimir,  we  observed  them  in  limestone  to  the 
north  of  Murom,  and  in  the  sequel  we  shall  advert  to  them,  both  on  the  western 

1  Usolie  is  the  property  of  M.  Davidoff,  who  ha*  constructed  a  tower  and  pleasure- house  on  the  summit 
of  this  tufaceous  rock,  commanding  extensive  and  splendid  views  of  the  windings  of  the  Volga  ;  flanked 
on  one  side  by  the  lofty  cliffs  of  limestone,  on  which  the  tower  of  Peter  the  Great  is  placed,  and  on  the 
other  by  the  low  and  wide  expanse  which  extends  into  the  governments  of  Kazan  and  Orenburg. 
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flanks  of  the  Ural  and  in  the  northern  part  of  the  great  carboniferous  district  of 
the  south  of  Russia.  At  both  the  last-mentioned  localities  they  unquestionably 
occur  in  the  highest  members  of  the  carboniferous  limestone. 

We  shall  now  direct  attention  to  the  great  carboniferous  tracts  of  Southern  and 
New  Russia,  between  the  Dnieper  and  the  Don,  where  the  strata  are  highly  in- 
clined, and  in  a  very  different  lithological  condition  from  the  rocks  described  in 
this  chapter. 
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CARBONIFEROUS  REGION  BETWEEN  THE  DNIEPER  AND  THE  DON '. 

Introduction. — Extent  and  general  Relations  of  the  Tract. — Crystalline  Rocks  of 
the  Southern  Steppes. — Carboniferous  Rocks  described  in  an  ascending  order  on  the 
river  Kalmiuss. — The  same  Section  prolonged  to  the  Upper  Carboniferous  strata 
North  of  Gorodofka.— Sections  on  the  river  Miuss  and  Krinka.—The  Bituminous 
Coals  of  the  Western  and  Northern  Districts  shown  to  be  of  the  same  age  as  the 
Anthracite  on  the  South-west. — Anthracite  of  Popofskoe,  and  its  value. — Sections  on 
the  Donetz. — Bituminous  Coal-fields  of  the  Northern  Tracts. — Coals  worked  by  the 
Peasantry  on  the  tributaries  of  the  Toretz. — Imperial  Coal-works  of  Uspensk,  and 
their  relations  to  the  Chalk. — Great  Imperial  Works  of  Lissitchia-Balka. — The  Coal 
subordinate  to  the  Central  Member  of  the  Carboniferous  Limestone. — Shown  to  be  a 
purely  Marine  Formation. — Theory  of  the  Origin  of  this  Coal. — General  relations 
and  relative  value  of  the  different  Coal  tracts  of  the  Southern  Steppes. — Probable 
extension  of  valuable  Coal-seams  under  the  Cretaceous  and  surrounding  Rocks. — 
Future  Prospects,  and  Conclusion  (see  Map  and  PI.  I.  of  coloured  sections). 

PASSING  over,  for  the  present,  the  undulating  surface  of  secondary  and  ter- 
tiary rocks  which  occupy  the  central  governments,  we  continue  the  subject  of  the 
carboniferous  deposits,  by  calling  attention  to  those  tracts  lying  between  the  Dnieper 
and  the  Don,  and  watered  by  the  Donetz,  which  constitute  by  far  the  richest  coal 
district  in  the  Russian  empire.  The  portion  of  this  country  which  contains  rocks 
of  the  carboniferous  tera,  lies  between  47£°  and  49|°  north  latitude,  and  36°  and 
41$°  east  longitude.  The  major  ellipse  of  the  chief  mass  extending  from  near  the 
river  Voltchia 1  on  the  west-north-west,  to  the  Kargalinsk,  an  eastern  tributary  of 
the  Donetz  on  the  east-south-east,  has  a  length  of  about  230  English  miles,  and 
its  greatest  width  from  Karakuba  on  the  south  to  the  tracts  around  Bachmuth 

•  Generally  known  as  the  coal-field  of  the  Donetz.  '  Pronounced  Volnkia. 
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on  the  north,  is  upwards  of  100  miles.  Throughout  this  wide  area  all  the  rocks, 
with  very  slight  exceptions,  are  of  the  carboniferous  age,  and  they  thus  cover  a 
surface  of  not  less  than  1 1 ,000  square  miles.  Occupying  hills  which  have  to  some 
extent  the  character  of  low  mountains,  these  rocks  form  a  ]>ortion  of  the  Upper 
Steppe,  peopled  by  the  Don  Cossacks  and  New  Russians. 

This  tract,  which  in  reference  to  the  southern  steppes  may  be  called  elevated,  is 
bounded  on  the  east  by  the  riverDonetz,  a  partially  navigable  stream,  along  the  banks 
of  which,  or  of  its  tributaries,  the  strata  are  frequently  exposed.  Other  rivers,  which 
have  their  sources  in  the  higher  part  of  this  territory,  also  offer  good  natural  trans- 
verse sections  ;  such  are  the  Krinka,  the  Miuss,  and  the  Kalmiuss,  which  flow 
southerly  into  the  Sea  of  Azof ;  the  Toretz,  the  Bachmutha  and  smaller  streams 
which  run  northwards,  and  eventually  fall  into  the  Donetz.  We  examined  the 
banks  of  all  these  rivers,  and  also  those  of  the  Voltchia,  which,  deflected  by  the 
granitic  axis,  flows  northward  and  westward  into  the  Dnieper,  there  to  ascertain 
the  western  limits  of  the  field.  We  also  made  various  traverses  across  the  central 
and  eastern  portions,  and  visiting  most  of  the  localities  where  coal  is  partially 
worked,  and  collecting  many  fossils,  wc  hope  to  be  enabled  to  give  a  definite  idea 
of  the  general  geological  relations  of  the  tract,  and  to  point  out  an  ascending  order 
from  the  base  of  the  Carboniferous  system  into  the  next  overlying  deposits. 

Though  overlapped  on  their  northern  boundary  by  Permian,  Jurassic,  Cretaceous 
and  tertiary  deposits,  which  will  be  described  in  subsequent  chapters,  these  car- 
boniferous rocks  crop  out  again  to  the  north,  at  points  near  Petrofskaya,  and  the 
real  extent  of  country  in  that  northern  direction,  in  which  they  may  form  the  chief 
substratum,  is  probably  very  considerable. 

To  the  south  the  carboniferous  rocks  are  separated  from  the  Sea  of  Azof  by  low 
hills,  for  the  most  part  composed  of  tertiary  deposits,  and  partially  also  by  a  narrow 
band  of  chalk  (see  Map).  To  the  south-west  they  rest  upon  the  eastern  extre- 
mity of  that  vast  mass  of  crystalline  rocks,  usually  known  under  the  name  of  the 
granitic  steppe,  which,  extending  from  Volhynia  and  PodoUa  on  the  west-north- 
west, passes  the  Dnieper  nearEkaterinoslaf,  and  disappears  beneath  the  formations 
we  are  about  to  describe  on  the  banks  of  the  Kalmiuss. 

Axis  of  the  South  Granitic  and  Crystalline  Rocks. — Before  we  proceed  to  describe 
the  strata  in  an  ascending  order,  we  must  say  a  few  words  upon  the  crystalline 
rocks  which  rise  up  from  beneath  this  tract,  and  forming  its  axis,  separate  the 
Carboniferous  districts  from  the  Tertiary  basin  of  the  Sea  of  Azof  and  the  Crimea. 
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In  the  sequel  we  shall  necessarily  advert  to  the  general  relations  of  this  crystalline 
chain,  the  direction  of  which  is  so  exactly  parallel  to  that  of  the  Caucasus  and  the 
Crimea.  In  the  present  chapter,  however,  we  shall  confine  ourselves  to  showing, 
that  eruptions  and  elevations  along  the  same  line  have  powerfully  affected  the  con- 
tiguous strata  of  the  Kalmiuss  and  the  Donetz. 

Stratified  crystalline  rocks  are  instructively  displayed  upon  the  banks  of  the 
rivers  Voltchia  and  Kalmiuss.  The  former  of  these  streams  runs  to  the  west  of 
all  the  carboniferous  strata.  Along  its  banks  to  the  south  of  Paulograd,  and  be- 
tween that  town  and  Alexandrofsk,  the  rocks  consist  of  varieties  of  felspathic  and 
quartzose  gneiss,  passing  into  grey  compact  quartz,  which  alternates  with  very 
thin  laminae  of  greenish  talc,  rarely  micaceous.  Some  of  these  beds,  a  few  versts 
east  of  the  river,  are  so  much  charged  with  iron  as  to  oxidize,  or  decompose  into 
courses  of  hydrate  of  iron.  Other  layers  consist  of  yellowish,  coarse-grained  mica 
schist,  with  irregular  grains  of  garnet,  alternating  with  thin  beds,  two  to  three 
inches  thick,  of  a  highly  granitoid  gneiss,  in  which  the  flesh-coloured  felspar  is 
beautifully  laminated  with  red-coloured  quartz,  mica,  and  traces  of  steatite. 

These  variegated,  crystalline  rocks  are  very  striking  to  those  who  have  been  long 
wandering  amid  the  unconsolidated  deposits  of  Central  Russia.  They  occupy  low- 
hillocks  only,  and  their  prevalent  direction  is  north- north- west  and  south- south-east. 
Their  strike  along  the  banks  of  the  Voltchia  is  nearly  parallel  to  the  course  of  that 
stream,  or  about  15°  west  of  north,  whilst  their  ordinary  dip  is  at  a  high  angle  to 
the  east,  and  they  are  often  vertical.  This  strike  is,  it  will  be  observed,  trans- 
verse to  the  main  direction  of  the  chain  of  the  Donetz.  For  some  distance  to  the 
east  of  the  Voltchia  these  crystalline  rocks  are  obscured  by  blown  sand,  and  on 
this  frontier  it  is  difficult  to  mark  their  boundary,  though  by  borings  directed 
some  years  ago  by  Colonel  Olivieri,  it  would  appear,  that  thin  patches  of  poor  coal 
set  on,  at  intervals,  a  very  little  to  the  east  of  the  river. 

The  granitoid  rocks  of  the  Kalmiuss  consist,  chiefly,  of  flesh-coloured  and  pink 
felspar,  often  laminated  with  grains  and  crystals  of  dark-coloured  quartz.  These 
materials  are  sometimes  so  arranged  as  to  approach  to  the  character  of  graphic 
granite  ;  other  parts  resemble  the  coarser  varieties  of  Cornish  granite. 

But  besides  the  granitic  rocks  of  the  Dnieper,  the  Voltchia  and  the  Kalmiuss, 
other  crystalline  masses  of  very  different  characters  advance  to  the  Kalmiuss,  and 
there  pierce  the  gneiss  and  granite  in  dykes,  at  many  places  to  the  south  of 
Karakuba  and  between  that  place  and  Sartana,  just  as  the  porphyries  and  elvans 
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traverse  the  granites  and  schists  of  Cornwall  and  Devon.  Some  of  these  are 
coarse  syenitic  greenstones,  occasionally  very  hornblendic,  others  are  red,  clay- 
stone  porphyries.  Red  porphyry  usurps,  indeed,  the  whole  surface  in  some  lo- 
calities, particularly  around  the  picturesque  Greek  colonies  of  Laaspe  and  Karan. 
It  increases  in  importance  and  in  variety  of  structure  as  you  approach  Karakuba 
from  the  south,  near  to  which  place  there  are  many  varieties  of  vein  stones, 
jaspers,  and  altered  strata. 

We  have  prefaced  the  account  of  the  carboniferous  deposits  of  the  regions  be- 
tween the  Dnieper  and  the  Don  with  this  brief  sketch  of  the  crystalline  and  intru- 
sive rocks,  which  form  the  western  and  southern  limits  of  the  coal  region,  in 
order  to  give  some  idea  of  the  masses,  evidently  crystallized  at  a  very  ancient 
period,  on  which  the  older  sedimentary  and  carboniferous  strata  repose,  and  also 
of  the  agents  by  which  the  latter  have  been  thrown  into  those  inclined  positions, 
breaks  and  undulations,  which  we  are  about  to  describe.  The  sections  along  the 
banks  of  the  Kalmiuss  clearly  demonstrate,  not  only  that  the  fundamental  masses 
of  this  region  arc  slaty  granitic  rocks,  but  also  that  they  have  been  penetrated  by 
intrusive  matter,  whilst  the  jaspers  and  altered  strata  prove  that  igneous  eruptions 
have  been  continued  along  this  liue  posterior  to  the  carboniferous  era.  This  last- 
mentioned  phamomenon  is  of  theoretical  importance,  and,  when  coupled  with 
the  fact,  that  the  numerous  powerful  flexures  of  the  carboniferous  strata,  to  which 
attention  will  speedily  be  called,  are  parallel  to  the  great  axis  of  crystalline  and 
eruptive  rocks,  we  can  have  no  difficulty  in  believing,  that  such  high  inclination 
and  contortion  owe  their  origin  to  the  elevatory  agency  of  this  axis. 

Ascending  Section  of  the  Kalmiuss.  Red  Sandstone,  Shale  and  Conglomerate. 
Great  or  Lower  Carboniferous  Limestone*. — From  an  inspection  of  many  fossils 
brought  to  France  from  this  region  by  M.  Le  Play,  and  shown  to  us  by  him  iu  the 
spring  of  1840,  as  well  as  from  others  examined  in  the  Ecole  des  Mines  at  St.  Pe- 
tersburgh,  we  had  formed  an  opinion  before  we  visited  the  south  (which  opinion 
Professor  Eichwald  also  entertained),  that  the  mountain  or  carboniferous  limestone 
was  greatly  developed  in  this  district,  and  that  the  coal  was  associated  with  that 
rock.  So  far,  then,  we  entered  this  country  with  some  previous  knowledge  of  one 
of  its  main  features,  but  from  no  one  could  we  derive  a  settled  idea  of  the  base  of 

1  Among  Russian  writers.  Colonel  Olivieri,  General  Kuvalefski,  and  Captain  IvaniUki  have  given 
sketches  of  different  parts  of  these  carboniferous  tracts  in  the  '  Journal  des  Mines  de  Russie.' — Vol.  iii. 
p.  1  ;  vol.  iv.  p.  3  ;  and  vol.  vi.  pp.  140,  15C,  192. 
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these  deposits,  from  which  we  might  develope  a  true  ascending  order.  Whether 
we  referred  to  the  Russian  authors  who  had  described  the  country,  or  to  M.  LePlay, 
who  was  preparing  an  account  of  it,  we  were  met  on  all  sides  with  the  statement, 
that,  owing  to  the  convolutions  of  the  strata  and  the  want  of  fixed  mineral  cha- 
racters, no  regular  order  could  be  established.  To  geologists,  therefore,  who  like 
ourselves  were  thrown  into  a  new  field,  in  which  the  succession  of  the  beds  was 
perfectly  unknown  to  us,  nothing  could  be  more  satisfactory  than  to  find,  in  one 
of  the  first  sections  which  we  made,  a  key  to  the  whole  order  of  this  country,  and 
by  which  we  established  that  the  most  ancient  strata  occupy  the  southern  zone  of 
this  carboniferous  region. 

Of  Silurian  or  true  Devonian  rocks  we  could  perceive  no  traces.  Immediately, 
however,  to  the  north  of  the  crystalline  rocks  at  Karakuba  and  on  the  right  bank 
of  the  Kalmiuss,  we  discovered  a  red  sandstone  and  shale  with  some  conglomerate, 
which  is  so  loaded  with  fragments  of  porphyry,  that  it  seems  in  parts  almost  to 
pass  into  that  rock,  upon  which  it  may  be  said  to  rest '. 

The  lower  grounds  and  slopes  arc  there  occupied  by  these  red  strata,  which  are 
laid  open  in  ravines,  and  are  distinctly  overlaid  by  the  carboniferous  limestone  at 
heights  of  200  to  300  feet  above  the  valley. 

As  this  undulating  and  diversified  tract  differs  essentially  from  the  countries  of 
Northern  and  Central  Russia,  in  exhibiting  within  comparatively  short  distances 
both  numerous  flexures  and  the  most  decided  changes  in  the  succession  of  strata, 
we  have  illustrated  it  with  the  opposite  plate  of  coloured  sections  (see  PI.  I.  fig.  1 , 
and  also  the  general  section  below  the  Map). 

In  some  of  its  lower  beds  this  sandstone  is  argillaceous,  of  grey  and  green,  as 
well  as  red  colours,  and  towards  its  upper  limits  becomes  more  and  more  a  con- 
glomerate ;  the  pebbles,  varying  from  a  small  size  to  that  of  pears,  consist  chiefly 
of  the  felspalhic  and  quartzose  rocks  before  described,  lumps  of  pink,  felspar 
porphyry  particularly  abounding.  The  ascending  section,  as  far  as  our  short  ex- 
amination enabled  us  to  detect  it,  consists  of  greyish  coarse  grits  and  alternations  of 
purplish  red  and  green  sandy  shale,  partly  micaceous,  with  strong  bands  of  greyish 
quartzose  grit,  in  parts  a  pebble  rock,  with  false  bedding.  Silicified  or  sandy  casts 
of  plants  (apparently  Stigmaria?)  occur  in  the  uppermost  of  these  strata.    Red  and 

1  Through  the  kindness  of  General  Tchoffkine,  who  had  in  fact  provided  us  with  every  document  at 
the  disposal  of  the  Corps  of  Mines  which  could  throw  light  upon  our  inquiries,  wc  were  furnished  with 
a  mup  of  this  tract  by  Colonel  Olivieri,  on  which  this  porphyry  was  laid  down. 
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white  felspathic  quartzose  conglomerate  succeeds,  covered  by  yellowish  sandstone 
and  shale  with  reddish  and  green  shale.  The  whole  of  this  red  series  is  sur- 
mounted by  carboniferous  limestone  of  considerable  thickness  and  forming  fine 
cliffs,  in  which  are  several  species  of  Producti.  Among  the  fossils  Colonel  Oli- 
vieri  assured  us  that  he  had  found  the  large  species  (P.  yigantew)  so  common  to 
the  lower  band.  In  our  very  rapid  examination,  however,  we  detected  only  the 
Productus  antiquatus,  Spirifer  glaber,  and  some  corals.  The  whole  of  these  strata 
dip  to  north-north-east  at  angles  varying  from  12°  to  15°. 

The  composition  of  the  red  beds,  and  their  infraposition  to  what  we  considered 
to  be  the  lowest  mass  of  the  carboniferous  limestone,  at  first  disposed  us  to  con- 
sider them  as  the  uppennost  member  of  the  Old  Red  Sandstone  ;  for  by  their 
position  and  aspect  they  seemed  to  be  the  exact  equivalents  of  the  Old  Red  Con- 
glomerate of  the  South  Welsh  coal-field,  which  occupies  so  well-defined  a  place 
throughout  the  Silurian  region  of  England.  This  comparison  may,  after  all,  prove 
to  be  correct,  and  the  Upper  Red  Conglomerate  of  South  Wales,  notwithstanding 
its  colour,  may  eventually  be  classed  with  the  carboniferous  limestone,  since  it  is 
by  no  means  an  easy  task,  even  in  England,  to  separate  the  Devonian  from  the 
Carboniferous  system,  particularly  when  fossils  are  absent  and  mineral  character 
is  our  only  guide.  Judging,  however,  from  the  analogies  of  Northern  Russia  and 
the  Moscow  basin,  where  carboniferous  plants  and  seams  of  coal  unquestionably 
underlie  every  trace  of  limestone,  and  repose  upon  beds  with  true  Devonian  fishes, 
we  are  now  disposed  to  group  these  red  strata  of  Karakuba  with  the  base  of  the 
Carboniferous  system,  the  more  so  as  the  Stigmaria  which  we  found  in  them 
seemed  to  be  a  species  common  to  both.  A  visit  which  we  made  to  the  Berwick- 
shire coal-field,  subsequent  to  our  return  to  Great  Britain,  has  further  induced  us 
to  adopt  this  opinion  ;  for  we  there  found  a  great  thickness  of  red  sandstone  and 
shale  with  coal,  the  upper  beds  of  which  only  are  interlaced  with  courses  of  car- 
boniferous limestone,  and  the  lowest  of  which  lie  far  beneath  all  traces  of  that 
limestone,  the  whole  constituting  one  great,  red-coloured  coal-field  of  considerable 
value  (containing  seven  workable  seams),  which  clearly  overlies  the  Old  Red  Sand- 
stone properly  so  called.  We  shall  revert  to  this  subject  in  our  general  conclu- 
sions. In  the  mean  time,  whether  coal-seams  may  or  may  not  exist  in  the  red 
rocks  of  Karakuba,  it  is  evident,  that  as  they  underlie  the  lowest  mass  of  car- 
boniferous limestone,  they  offer  a  distinct  base-Une  for  the  section  which  we  now 
continue  to  describe  in  ascending  order. 


ASCENDING  CARBONIFEROUS  SUCCESSION  ON  THE  KALMIUSS.  95 


The  chief  and  lower  limestone  of  these  southern  steppes  might,  from  its  light 
grey  colour,  thickness  and  position  be  strictly  compared  with  the  great  "  Scar 
limestone  "  of  English  geologists.  After  several  undulations  in  hills  to  the  north 
of  Karakuha,  it  plunges  under  flagstones  and  grits  with  plants.  At  Bechef  the 
latter  are  surmounted  by  shale  and  sandstone  with  plants  and  thin  seams  of  coal, 
which  are  again  overlapped  by  other  strata,  often  undulating,  but  still  on  the 
whole  inclining  to  the  north.  Among  these  are  hard  flagstones,  of  white,  grey 
and  light  pinkish  colours,  the  surfaces  of  which  are  occasionally  discoloured  by 
carbonaceous  matter.  These  beds  are  followed  by  hard,  greyish  grits,  and  these 
again  by  thinnish  courses  of  encrinite  limestone.  This  series  of  beds  is  very 
analogous  in  lithological  succession  to  the  group  which  in  Yorkshire,  Cumber- 
land, Westmoreland,  and  other  northern  counties  of  England,  overlies  the  great 
Scar  limestoue  (limestone  and  shale  of  Sedgwick,  Yoredale  rocks  of  Phillips). 
The  analogy  is  further  borne  out  by  the  occasional  outc  rop  of  a  thin  seam  of 
coal,  no  bed  of  which  has  yet  been  worked  to  profit.  Sinkings,  however,  have 
been  made  both  by  Russian  engineers  and  by  M.  Le  Play,  under  the  directions 
of  M.  Dcmidoff,  the  results  of  which  are  not  yet  known  to  us. 

In  proceeding  to  the  north,  the  impure  limestone  and  grits  which  overlie  the 
lower  limestone,  undulate,  inclining  on  the  whole  to  the  north-north-east,  and  at 
Gorbatchofskaya,  the  strata  dip  steadily  in  that  direction  (see  section,  PI.  I.  fig.  1). 
They  consist  in  ascending  order  of  yellow  micaceous  sandstone,  with  carbonaceous 
surfaces,  much  resembling  the  moorstone  of  the  Yorkshire  dales,  and  with  it  are 
associated  flagstones,  very  similar  to  those  which  abound  upon  the  banks  of  the 
Ure  near  Hawes,  on  the  Tees  above  Barnard  Castle,  and  at  Brignal  upon  the 
Greta.  As  in  those  parts  of  England,  the  surfaces  of  the  flags  are  also  often  co- 
vered with  large  serpuline  bodies.  These  beds  are  followed  by  black  shivery  shale, 
greyish  shale,  and  quartzose  sandstone,  above  which  appear  masses  of  dark- 
coloured,  bituminous  encrinite  limestone,  the  surfaces  of  which  are  distinguished 
by  peculiar  corallines,  resembling  branching  sea-weeds,  identical  in  form  with  an 
undescribed  species,  which  we  have  seen  in  the  limestones  of  this  age  near  Howick 
in  Northumberland  and  at  Inglcborough  in  Yorkshire.  This  bed  is  succeeded,  or 
rather  it  inosculates  with  a  stronger  grey  limestone,  the  harder  beds  of  which  form 
distinct  scars  in  the  sides  of  the  hills  on  the  right  bank  of  the  Kaltniuss,  that  river 
being  here  reduced  to  the  6ize  of  a  brook.  Though  there  are  many  undulations, 
the  prevalent  dip  is  to  the  north-north-east ;  thus  proving,  both  geometrically  as 
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well  as  by  the  differences  in  the  beds,  that  the  ascent  of  the  Kalmiuss  from  Kara- 
kuba  exhibits  on  the  whole  an  ascending  section,  or  a  passage  from  older  to 


In  the  limestone,  near  a  spot  called  Mantrika,  we  detected  the  Spirifer  glaber, 
Leptana  Hardrensis  (Phill.),  Asaphus  ylobiceps  (Phill.),  a  small  Tercbratula,  as 
well  as  some  corallines.  Coal  is  again  visible,  subordinate  to  a  bed  of  schist, 
east  of  Gorbatshofskaya,  at  a  spot  called  Gruskaya,  on  the  south  bank  of  the  little 
river  Yeskino,  where  it  crops  out  in  small  brittle  fragments  of  good  quality,  and  is 
overlaid  by  psammitic  sandstone.  At  sixty  versts  to  the  east  of  this  spot,  as  we 
were  informed,  coal  has  been  regularly  worked  in  thicker  masses. 

In  approaching  the  higher  limits  of  the  Kalmiuss,  as  we  did  in  dry  autumnal 
weather,  a  geologist  might  almost  be  led  into  an  error,  and  suppose  that  the  lime- 
stone series,  of  which  he  had  seen  so  much,  was  at  an  end,  and  that  he  had  at 
length  reached  the  true  equivalents  of  the  coal-fields  of  Western  Europe  ;  for  the 
surface  of  the  whole  region  is  then  densely  covered  with  the  finest  black  dust. 
At  the  period  of  our  visit,  this  substance  rose  up  everywhere  from  beneath  the 
withered  grass  of  the  steppes,  and  looked  exactly  like  the  coal-dust  near  produc- 
tive collieries.  This  appearance  was,  however,  entirely  due  to  the  desiccation  of 
the  superficial  deposit  called  Tchornozem,  or  black  earth',  which  covers  this  por- 
tion of  the  tract,  as  well  as  many  other  countries  in  Central  and  Southern  Russia ; 
for  wherever  a  depression  and  water-course  afforded  a  natural  opening,  the  strata 
were  seen  to  consist  of  coaly  sandstones,  flagstones,  coarse  grits,  and  yellowish 
impure  magnesian  limestones  (PI.  1.  fig.  1.),  containing  fossils  of  the  carboniferous 
limestone. 

At  Alexandrofsk,  ou  the  left  bank  of  the  stream,  the  only  spot  in  this  district 
where  coal  is  worked  by  the  government,  the  mineral  is  found  to  he  on  sandstones 
and  flagstones  with  "  coal-plants,"  and  is  distinctly  overlaid  by  a  limestone  charged 
with  species  of  Productws,  Spirifer,  and  the  large  Lithodendron,  which  is  abundant  in 
the  mountain  limestone  of  England  and  Ireland,  the  whole  dipping  40°  north-north- 
east. The  coal  at  Alexandrofsk  is  about  seven  feet  thick,  and  is  composed  of  a 
number  of  fine  laminae  of  brittle,  bituminous  coal a,  somewhat  light,  easily  de- 
structible, and  rendered  of  less  value  by  frequent  thin  films  of  pyritous  matter. 

1  This  black  earth  will  be  described  in  the  concluding  chapters. 

*  This  cool  has  been  partially  transported  to  the  Black  Sea  for  the  use  of  the  steamers  of  the  Imperial 
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Lumps  of  pyrites  are  indeed  seen,  at  intervals,  in  the  coal  itself.  In  some  parts, 
however,  it  seemed  to  be  of  very  good  quality. 

These  workings  are  made  by  shallow  shafts,  the  mouths  of  the  highest  of  which 
arc  not  100  feet  above  the  Kalmiuss,  and  the  lowest  not  above  seventy,  with  a 
shaft  eighty-four  feet  deep,  and  hence  the  mines  are  occasionally  stopped  by  the 
influx  of  water :  for  here,  as  in  other  parts  of  the  carbonaceous  region,  steam- 
engines  are  unknown,  and  with  the  exceptions  of  the  Imperial  mines  at  Lissitchia- 
Balka  and  Uspensk  (of  which  we  shall  treat  hereafter),  pits  are  uever  sunk, 
except  in  those  situations  where  a  natural  drainage  and  open  adits  will  keep  them 
dry. 

Continuation  of  this  Section  throwjh  still  hujher  strata  on  the  North.— The  high 
grounds  to  the  north  of  Alexandrofsk,  from  whence  the  Kalmiuss  flows  to  the 
south,  and  where  the  feeders  of  the  Voltchia  and  the  Dnieper  are  deflected  to  the 
west  and  south,  constitute  one  of  those  broad  domes  of  elevation,  several  of  which 
occur  in  the  eastern  and  northern  portions  of  these  coal  tracts.  If  the  section  is 
prolonged  directly  to  the  north-north-east,  or  to  the  east  of  Bachmuth,  other  lines 
of  elevation  are  met  with,  and  beds  of  coal  and  limestone  are  repeated  at  localities 
(Jeleznoe,  &c),  to  which  we  shall  hereafter  refer ;  but  as  we  did  not  follow  up  these 
masses  to  their  junction  with  superior  strata,  we  prefer  to  complete,  in  the  first  in- 
stance, what  we  consider  to  be  one  continuous  ascending  section,  by  carrying  our 
present  line  almost  due  north.  Passing  over,  for  the  present,  certain  central  mem- 
bers of  the  series  with  Spirifer  Mosquensis,  because  in  this  line  of  section  (near  to 
Gclidofka)  they  are  either  sterile  in  coal  or  little  exposed,  and  returning  to  their 
consideration  in  another  transverse  section  upon  the  Toretz,  where  they  are  highly 
inclined  and  well  known,  it  is  sufficient  for  our  present  purpose  to  state,  that  re- 
posing upon  the  lower  series  of  the  Kalmiuss,  these  middle  carboniferous  rocks 
occupy  a  broad  undulation,  and  dipping  slightly  to  the  north-north-east,  are  carried 
under  reddish  and  white  grits  with  red  shale,  which,  occupying  poor  moorlands, 
slope  down  to  the  large  village  of  Goradofka  (see  PI.  I.  fig.  2.).  The  grits  are 
there  quarried  for  door-posts  and  troughs,  and  afford  an  excellent,  porous  free- 
stone, of  almost  pure  white  colour,  occasionally  with  a  greenish  tinge,  in  parts  a 
conglomerate,  in  which  the  grains  of  quartz  are  cemented  in  a  felspathic  base. 
In  this  tract,  where  no  trees  arc  in  existence,  and  where,  as  nearly  all  over  Russia, 
the  great  mass  of  the  inhabitants  live  in  wooden  houses,  this  stone  might  be  very 
largely  employed  for  building  purposes.    This  rock,  dipping  12°  to  the  north-cast 
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and  north-north-cast,  is  covered  by  red,  green,  and  greyish  clays  and  shales, 
above  which  a  thin  seam  of  poor  coal  is  seen  outcropping ;  then  follow  other  beds 
of  dark  grey  shale,  capped  by  a  band  of  limestone,  in  which  are  observed  Encri- 
nites,  Corals,  Productus,  Euomphalus,  and  other  characteristic  fossils.  Beds  of 
shale,  of  blue  and  yellow  colours,  with  some  concretions  of  argillaceous  ironstone, 
overlie  the  limestone,  and  are  succeeded  by  a  second  thin  seam  of  coal  (six  to  nine 
inches),  which  is  composed  of  hard  and  fine  layers  alternating  with  sooty  laminae. 
The  coal  and  shale  are  capped  by  a  band  of  strong-bedded  limestone,  twelve  to 
fifteen  feet  thick,  in  which  is  a  small  Trilobite  resembling  Asaphus  globiceps 
(Phillips).  We  here  also  found  several  Fusulina;,  fossils  which,  as  before  said,  we 
never  observed  in  any  part  of  Russia  in  the  lower  members  of  the  carboniferous 
limestone. 

The  advantage  of  having  made  a  section  from  Karakuba  to  Goradofka  is  thus 
evident,  for  we  thereby  learn  that  the  Fusulina1  occur  in  beds  superior  to  the 
middle  limestone  with  Spirifer  Mosquensis,  and  hence  the  position  we  had  assigned 
to  the  rock  containing  these  fossils  upon  the  Kliasma  and  the  Volga  is  esta- 
blished. 

Pursuing  this  section  still  further,  in  ascending  order,  viz.  to  the  north-west  of 
Bachmuth  (PI.  I.  fig.  3.),  this  upper  limestone  is  conformably  overlaid  by  a  consi- 
derable thickness  of  shale  of  different  colours,  with  nodules  of  impure  argillaceous 
iron-ore  and  some  brownish  micaceous  ironstone,  sandstones,  and  flagstones  with 
concretions,  all  of  which  range  in  very  slightly  inclined  beds  (observable  only  in 
ravines  and  water-courses)  up  to  the  post-station  of  Marcbinsk,  on  the  road  from 
Bachmuth  to  Ekaterinoslaf.  To  the  north  these  uppermost  beds  of  the  carboni- 
ferous series  are  overlapped  by  the  chalk. 

We  have  described  this  section  from  Karakuba  on  the  south,  to  Goradofka  and 
Marchinsk  on  the  north,  because  it  affords  a  good  explanation  of  the  order  of  the 
carboniferous  deposits,  and  also  proves  that  certain  red  rocks,  which  from  their 
lithological  characters  have  been  referred  to  other  deposits,  unquestionably 
form  an  integral  part  of  the  Carboniferous  system.  We  shall  have  occasion  to 
recur  to  this  point  in  establishing  the  age  of  the  red  rocks  near  the  sources  of 
the  Bachmutha  river  (Gossuderaya-buyerak,  &c),  which  have  been  described  as 
the  Rothe-todte-liegende ;  and  eventually  it  will  be  made  manifest,  that  another 
red  formation,  consisting  of  limestone,  marl,  gypsum  and  conglomerate,  which  oc- 
cupies the  vale  of  Bachmuth  and  overlies  all  the  carboniferous  strata,  is  not,  as  has 
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been  supposed,  the  Keuper  or  marnes  irises',  but  is  the  equivalent  of  the  Zechstein, 
and  represents  the  great  Russian  deposits  which  we  have  grouped  under  the  name 
of  the  "  Permian  System."  (Sec  Chaps.  VIII.  and  IX.) 

Country  watered  by  the  rivers  Krinka  and  Miuss. — Before  we  continue  the  de- 
scription of  the  north-eastern  and  most  productive  coal  tracts,  we  may  offer  a 
general  sketch  of  the  southern  districts  watered  by  the  Krinka  and  the  Miuss,  and 
also  say  a  few  words  upon  the  anthracitic  region. 

In  passing  from  the  river  Kalmiuss  on  the  west,  to  the  valley  of  the  Krinka  on  the  east,  the  great  calcareou» 
masses  which  form  the  base  of  the  whole  carboniferous  tract  disappear,  both  by  thinning  out  and  probably  also 
by  great  flexures,  which  carry  them  beneath  a  highly  inclined  and  contorted  group  of  sandstone  and  schist.  On 
the  little  river  Cinka  Kalinova  the  carboniferous  rocks  arc  overlaid  by  the  chalk,  and  near  this  junction  Is  an  elevated 
hilly  steppe  made  up  chiefly  of  reddish  and  grey  micaceous  sandstone,  occasionally  schistose,  and  charged  with 
many  impressions  of  Calamites  and  other  plants.  The  beds  are  much  contorted,  but  their  chief  direction  is  west 
and  by  north,  east  and  by  south.  Their  inclination,  which  is  usually  very  great,  sometimes  vertical,  is  fur  the 
most  part  to  the  north-cast ;  but  as  there  are  many  folds,  the  southerly  dip  is  occasionally  apparent.  In  our 
journey  along  the  banks  of  the  river  Krinka,  we  met  with  many  natural  sections  of  sandstone  and  shale,  the  latter 
being  mostly  in  the  valleys,  and  the  former  occupying  terraces,  as  above  the  village  of  Arteroef  ka,  where  three  of 
these  terraces,  stretching  from  cast  to  west,  are  composed  of  hard  gritty  sandstone  with  plants  and  quarti  veins, 
and  separated  by  bands  of  shale. 

In  one  spot  north  of  Artemefka  the  usual  strike  of  the  strata  is  reversed  to  the  north  and  by  west,  the  dip 
being  to  the  west.  The  same  phenomenon  is  repeated  at  Kuteinikof,  the  inhabitants  of  which  village  informed 
us  that  traces  of  coal  had  been  found  a  little  to  the  south-east ;  but  the  only  natural  outcrop  of  the  mineral  (and 
it  was  of  worthless  quality)  which  we  observed  was  at  Sniefka,  where  the  valley  of  the  Krinka  is  very  deep, 
and  the  rocks  consist  of  coarse-grained  grit  and  shale.  In  approaching  the  valley  of  the  river  Miuss  and  in  the 
neighbourhood  of  the  village  of  Orlova,  a  thin  band  of  dark-coloured  limestone  occurs,  having  a  thickness  of  four 
feet  only,  and  no  fossils  :  strike  west  20°  north  of  west,  and  dipping  to  the  north-east ;  ami  the  same  limestone  is 
again  met  with  in  the  plateau  near  the  village  of  Grabovaya. 

In  the  valley  of  the  Miusa.  at  Grabovaya,  flagstones  alternate  with  shale,  the  direction  of  which  is  west-north- 
west by  cast-south-east,  and  the  dip  north-north-east  at  5fT ;  and  on  descending  the  river  to  Novo-pavlofka  the 
same  beds  reappear  under  similar  conditions,  and  with  the  exception  of  a  thin  band  of  limestone  on  the  height 
near  that  place,  flagstone*  and  shales,  having  very  variable  directions,  occupy  all  this  valley  even  to  the  village  of 
Demetriefka.  Limestone  reoccurs,  however,  at  twelve  versts  south  of  the  village  of  Ivannfka,  and  also  at  about  an 
equal  distance  to  the  north  of  that  place,  the  black  compact  limestone,  apparently  not  differing  from  that  before 
alluded  to,  contains  small  Spirifera  and  Encrinites.  This  portion  of  the  tract  is  conterminous  with  the  coal- bearing 
district  of  Krasnoi-kut  which  we  shall  presently  describe. 

Making  every  allowance  for  contortion  and  repetition  of  the  same  strata,  we  still 
believe  that  the  group  of  rocks  on  the  Krinka  and  the  Miuss  is  of  considerable  thick- 
ness, and  that  it  represents  those  lower  members  of  the  series  upon  the  Kalmiuss 
which  we  have  described,  and  in  which  much  more  calcareous  matter  is  developed. 
In  fact,  we  have  only  to  follow  any  one  of  the  zones,  upon  the  strike  of  the  strata, 
from  the  tracts  in  which  limestone  abounds,  and  we  find  the  calcareous  matter 

1  Sec  Ivnnitzki's  '  Journal  des  Mines  de  Ru*ue,'  vol.  vi.  p.  192. 
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thinning  out  towards  the  east ;  and  with  this  alteration  a  great  decrease  in  the 
amount  of  carbonaceous  matter  is  also  observed,  the  bituminous  coal  disappearing, 
and  its  place  being  eventually  taken  by  pure  anthracite. 

Relation  of  the  Anthracite  to  the  Bituminous  Coal. — From  what  we  have  just  said, 
the  reader  will  perceive,  that  this  region  is  divided  into  anthracitic  and  bituminous 
coal-fields.  Owing  to  the  prevalent  strike  of  the  beds  from  west-north-west  to 
cast -south -cast,  it  is  obvious,  that  notwithstanding  considerable  flexures  and  varia- 
tions in  lithological  structure,  the  same  groups  of  strata  we  have  been  describing 
are  continuous  eastwards  to  the  Donetz.  Thus  the  anthracitic  rocks  without 
limestone  to  the  north  of  Novo  Tcherkask,  and  the  schists  with  some  thin  courses 
of  limestone  on  the  Donetz,  are  the  equivalents  of  the  shale,  sandstone,  and  bitu- 
minous coal  with  limestone,  to  which  we  have  already  alluded. 

This  phenomenon  is  analogous  to  that  which  exists  in  the  South  Welsh  coal-field, 
where  at  one  extremity  of  the  tract  anthracitic  coal  prevails  almost  exclusively,  in 
beds  of  precisely  the  same  age  as  those  which  bear  bituminous  coal  at  a  little 
distance  to  the  east.    In  the  Russian  example,  indeed,  we  see  the  mineral  cha- 
racter of  the  coal-beds  change  gradually  as  we  follow  them  from  west  to  east.  In 
the  districts  intermediate  between  the  western  or  bituminous  tracts,  and  those 
containing  pure  anthracite,  the  combustible  is  frequently  in  that  intermediate 
condition  to  which  mineralogists  would  have  a  difficulty  in  applying  one  decisive 
name,  as  it  is  made  up  of  both  bituminous  and  anthracitic  materials.    The  line  of 
demarcation  between  the  anthracitic  and  ordinary  bituminous  coals  of  commerce 
being  arbitrary,  all  combustible  matter  which  partakes  of  the  two  characters 
must  remain  without  a  common  descriptive  term.    We  leave  it  to  M.  Le  Play, 
Capt.  Ivanitzki,  and  others  who  have  analysed  these  coals  from  many  localities, 
to  state  the  shades  of  chemical  distinction  by  which  each  variety  is  found  to  be 
more  or  less  useful  to  the  metallurgist  and  engineer ;  our  object  is  simply  to 
record  the  geological  relations  of  the  masses.    Wc  content  ourselves,  therefore, 
with  stating,  that  in  proceeding  from  the  north  and  by  west  to  the  south  and  by  east, 
or  through  the  hilly  steppes  to  the  north  of  Novo  Tcherkask,  the  limestones  thin 
out  to  insignificant  bands,  the  sandstones  and  shales  become  hard ;  and  with 
these  changes,  the  coal-seams,  becoming  gradually  less  bituminous,  assume  in  their 
western  extremities  all  the  characters  of  pure  anthracite.    However  unwilling  to 
blend  too  much  theory  with  our  positive  geology,  we  cannot  refrain  from  adverting 
to  the  remarkable  coincidence  between  the  line  of  anthracitic  coal  and  the  cry- 
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stallineaxisof  the  southern  steppes,  and  from  suggesting,  that  in  their  subterranean 
prolongation,  the  igneous  rocks  there  rising  near  to  the  surface,  may  have  con- 
verted the  superjacent  ordinary  coal  into  anthracite,  and  have  indurated  the  asso- 
ciated grits,  sandstones  and  schists. 

Krasnoi-Kut. — Of  the  coal  of  intermediate  quality,  to  which  we  have  alluded, 
we  would  cite  the  beds  which  outcrop  and  are  worked  in  horizontal  galleries  on  the 
slopes  of  the  hills  near  Krasnoi-Kut,  the  residence  of  General  Papkoff,  and  south 
of  the  post-station  of  Ivanofka.  Here  we  examined  two  beds  of  coal  (PI.  I.  fig.  4.), 
the  one  included  between  two  thick  bands  of  shale  and  overlaid  by  dark  limestone 
with  Chatetes  radians,  Encrinites.and  the  undescribed  branching  coral  of  the  English 
mountain  limestone  before  alluded  to  (p.  93),  the  other  resting  upon  sandy  schist 
with  plants,  surmounted  by  yellowish,  thick-bedded  sandstone  and  then  by  encrinital 
limestone,  undulating  at  slight  inclinations  of  about  10°.  These  coals,  occurring 
in  beds  three  feet  and  three  and  a  half  feet  thick,  are  readily  extracted  in  the  mines 
of  General  Papkoff,  and  have  been  employed  in  working  a  steam-engine  used  in 
manufactories  which  he  has  established '.  They  are  excellent  seams  for  their 
dimensions,  many  parts  of  the  coal  being  undistinguishable  from  iridescent 
British  varieties.  Coal  of  similar  quality  has  been  observed  outcropping  in  several 
places  in  the  same  neighbourhood.  In  following  these  bands  to  the  east,  they 
are  found  to  lose  their  bituminous  properties  as  they  approach  the  Donetz,  and 
to  become  more  antbracitic. 

■ 

Anthracite  of  Popofskoe. — The  most  important  works  of  anthracite  in  this  region 
are  those  on  the  rivulet  Grujefka,  near  the  hamlet  of  Popofskoe,  thirty  versts  north 
of  NovoTcherkask,  to  which  place  and  to  the  neighbouring  rivers  Don  and  Donetz 
the  coal  is  conveyed  in  the  light  carts  of  the  country.  It  is,  in  fact,  already  the 
fuel  used  to  some  extent  in  the  towns  of  Novo  Tcherkask,  Rostoff  and  other  places 
on  the  Sea  of  Azof,  where  his  Excellency  Count  M.  Woronzow,  Governor-general 
of  these  provinces,  has  encouraged  the  natives  to  abandon  the  use  of  wood,  which 
is  extremely  dear,  and  to  construct  tire-places  for  the  use  of  this  superior  sub- 
stitute. 

Two  seams  (as  shown  in  PI.  I.  fig.  5.)  are  exposed  on  the  left  bank  of  a  small 
stream,  above  whose  banks  they  are  seen  to  crop  out  on  the  sides  of  low  hills.  A 
brownish,  micaceous  gritty  sandstone,  having  the  characters  of  many  ordinary  coal 
strata,  and  dipping  to  the  north  at  about  15°,  forms  the  principal  substratum,  and 

1  '  Journal  de«  Mines  de  Kussie,'  vol.  vi.  p.  140  tl  sty. 
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rises  on  its  escarpment  side  into  rocky  eminences.  The  lower  coal,  in  all  from  two 
and  a  half  to  three  feet  thick,  is  made  up  of  very  thin  courses,  tno6t  of  which  con- 
sisting of  hard  and  pure  anthracite,  are  subordinate  to  unctuous  shale.  It  is 
chiefly  worked  by  galleries,  in  which  the  poor  Cossack  miners  have  followed  it  to 
short  distances  from  its  natural  outcrop  on  the  sides  of  the  brooks.  A  roof  of  schist, 
of  about  fifty  feet  in  thickness,  separates  the  lower  from  the  higher  coal,  which  is 
less  thick,  but  of  equally  good  quality,  and  when  we  visited  the  locality,  was  reached 
by  shallow  shafts  from  the  surface  of  the  hill'.  From  the  gentle  inclination  of  the 
beds  and  the  height  of  the  ground,  drainage  may  indeed  be  effected  to  a  great 
extent  without  recourse  to  steam-engines  ;  but  the  use  of  the  latter  and  the  sinking 
of  shafts  might,  doubtless,  open  out  the  mineral  to  greater  advantage. 

Sections  on  and  near  the  Donetz. — Approaching  this  coal  country  as  we  did  from 
the  eastern  steppes  of  the  Kalmucks,  wc  were  at  once  made  acquainted  with  the 
powerful  convulsions  to  which  it  had  been  subjected,  by  examining  the  natural 
sections  which  are  exposed  on  the  right  bank  of  the  Donetz  above  the  station  of 
Donetzkaya.  Seams  of  coal  and  anthracite  are  seen  at  intervals  in  highly  dislo- 
cated positions  at  several  places,  viz.  at  Nijui  and  Vcrkni,  Kundriutcheskaya,  and 
on  the  river  Kundriutshia  which  falls  into  the  Donetzkaya.  The  relations  of  the 
black  schists,  impure  limestones,  flagstones,  grits  and  coal  along  a  portion  of  these 
streams,  are  explained  in  PI.  I.  fig.  (J. 

Whilst  the  violent  dislocations  and  high  inclination  of  the  strata  render  it  un- 
likely that  coal  can  be  worked  to  much  profit  in  this  neighbourhood,  its  inhabit- 
ants have  an  agreeable  compensation  in  their  fine  climate  and  fertile  soil ;  the 
vine,  pomegranate  and  water-melon  being  as  abundant  and  fine-flavoured  in  this 
corner  of  the  Russian  coal-field  as  in  Italy. 

To  the  east  of  the  embouchure  of  the  Donetz,  and  indeed  to  some  extent  up 
that  stream,  the  carboniferous  strata  are  obscured  by  much  blown  sand.  Wc 
conceive,  however,  that  the  formation  ranges  on  the  south-west  up  to  the  river 
Kargalinsk,  because  we  there  observed  brown,  grey  and  ferruginous  sandstones 

1  The  details  of  the  working  of  these  mines,  as  well  as  of  the  quality  of  the  anthracite,  are  giren  by 
Captain  Iranitzki  in  the  sixth  volume  of  the  '  Journal  of  the  Imperial  Mines.'  Upon  visiting  the  Zavod 
of  Lugan.  we  became  aware  of  the  superiority  of  this  anthracite  overall  the  other  coals  of  this  territory, 
whether  in  forging  iron  or  in  the  production  of  steam ;  facts  which  were  ascertained  through  trials  insti- 
tuted by  order  of  General  Tchcffkinc.  The  reader  will  find  these  points  clearly  explained  by  Captain 
Ivanitzki — Journal  dt*  Minei,  vol.  t. 
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with  schists,  which,  though  covered  with  much  detritus  and  clay,  seemed  to  belong 
to  the  carbonaceous  tract. 

In  briefly  describing  the  country  watered  by  the  Krinka,  we  have  said  that  amid 
numerous  steep  anticlinal  flexures  the  northerly  dip  prevailed  on  the  whole  con- 
siderably  over  that  to  the  south.  This  phenomenon,  general  throughout  the  an- 
thracitic  region,  and  to  which  we  have  adverted  in  the  sections  (PL  I.  figs.  1  &  2), 
convinced  us,  that  the  whole  of  this  anthracitic  mass  was  carried  under  the  more 
productive  coal  tracts  of  the  north-east,  to  which  we  shall  presently  direct  atten- 
tion. In  ascending  the  Donetz  to  the  villages  of  Gundrofskaya  and  Kamenskaya,  we 
met  with  other  anticlinal  ridges  and  synclinal  troughs  parallel  to  the  general  direc- 
tion of  the  region,  and  with  dips  both  to  the  south  and  north  ;  but  here  the  alter- 
nating grits  are  charged  with  Stigmaria,  and  the  coal-seams  are  subordinate  to 
mural  masses  and  stony  beds  of  limestone,  the  whole  offering  a  great  resemblance 
to  the  productive  coal  tract  around  Uspensk,  which  we  shall  soon  describe.  Thus 
in  a  ravine  eight  versts  from  Gundrofskaya,  where  the  strike  is  west  and  by  north, 
east  and  by  south,  and  the  dip  34°  southerly,  we  met  with  a  thin  bed  of  coal  sub- 
ordinate to  sandstone,  with  Stigmaria  and  some  clunch-like  beds,  the  lower  strata 
exhibiting  three  courses  of  limestone,  with  sandstone,  grit,  shale,  ironstone  concre- 
tions, and  a  second  layer  of  coal :  an  anticlinal  line  succeeds,  and  simdar  strata  are 
repeated. 

Near  the  village  of  Isvorin,  in  the  valley  of  the  Kameuka,  the  structure  of  the 
country  is  no  longer  the  same  as  that  of  Gundrofskaya ;  and  instead  of  mural  cal- 
careous masses,  the  crests  of  the  ridges  are  composed  of  sandstones,  black  shale, 
schists,  and  hard  grits,  the  latter  forming  terraces  like  those  upon  the  banks  of  the 
Krinka ;  thus  showing,  that  owing  to  great  undulations,  the  same  groups  are  re- 
peated upon  different  parallels. 

Without  detailing  minute  sections,  which  would  only  embarrass  the  general 
reader,  we  may  assert,  that  on  the  whole,  the  survey  of  the  south-eastern  portion  of 
this  coal  tract  proves,  that  the  strata  gather  in  ascending  order  from  south  to  north, 
the  country  being  composed  on  the  whole  in  ascending  order  of— 

1st.  Sandstones  and  schists,  with  plants,  forming  high  steppes  and  plateaus, 
with  some  limestone  and  anthracite.  The  grits  become  harder  and  more 
powerful  to  the  north,  and  then  constitute  remarkable  terraces,  and  give 
a  more  varied  outline  to  the  country. 
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2nd.  Limestone,  sandstone,  shale,  and  bituminous  coal.  It  is  this  member 
which  is  so  much  developed  in  the  north-eastern  corner  of  the  coal  re- 
gion, and  in  which  coal  is  so  largely  worked  at  Lissitchia-Balka. 

Coal-fields  in  the  Northern  Tracts. — The  section  of  the  Kalmiuss  having  taught 
us  the  order  of  the  strata,  and  a  survey  of  the  banks  of  the  Krinka,  Miuss  and 
Donetz  having  induced  us  to  surmise,  that  no  very  productive  coal-seams  are  yet 
known  in  the  southern  or  older  zone  (with  the  exception  of  certain  beds  of  anthra- 
cite), we  now  proceed  to  describe,  first,  some  other  localities  which  we  visited  to 
the  south  and  south-east  of  Bachmuth,  next  the  more  productive  mines  of  Uspensk, 
east  of  the  foundry  of  Lugan,  and  lastly  those  of  Lissitchia-Balka  on  the  Donetz, 
in  all  of  which  places  coal  is  worked. 

On  the  right  bank  of  the  larger  of  the  two  small  rivers  called  the  Toretz,  coal 
is  extracted  by  the  natives  for  their  own  use  at  several  localities.  To  the  east 
of  this  stream  the  country  rises  in  dome-shaped  hills,  attaining  to  several  hundred 
feet  of  elevation,  which  arc  in  great  part  composed  of  red,  white,  grey,  and  olive- 
coloured  sandstones  and  grits.  Some  of  these  grits,  indeed,  seem  to  rise  up  from 
beneath  the  coal-seams  to  form  the  plateaus  of  Gosudarcv-Buyerak,  &c,  and 
others  are  seen  to  fold  over  to  the  north,  and  pass  upwards  into  thin  bands  of 
carboniferous  limestone,  loaded  with  Producti  and  Encrinites,  or  rather  the  lime- 
stones arc  included  in  a  great  development  of  sandstone.  There  is,  however,  a 
large  expanse  of  pure  white  and  red  sandstone  between  Zemliaka  and  Scotovaitova, 
which,  like  the  strata  to  the  south  of  Goradofka,  we  have  little  doubt  belongs 
to  the  same  portion  of  the  Carboniferous  system  (Upper  Limestone  series).  At 
Scotovaitova,  where  the  village  is  built  of  white  grit,  the  ascending  section  from 
the  valley  of  the  Krivoi-Toretz  up  the  sides  of  the  hills  offered, — 1st.  Hard  greyish 
and  yellow  mottled  sandstones.  2nd.  White  grits.  3rd.  Flagstones.  4th.  Deep 
red,  micaceous,  earthy  sandstone,  passing  into  shale.  On  the  whole,  this  sand- 
stone group  reminded  us  more  of  certain  white  and  red  grits  which  underlie  some 
of  our  English  coal-fields,  as  in  the  Forest  of  Wyre,  Salop,  and  along  the  North 
Welsh  border  at  Oswestry,  than  any  other  rocks  with  which  we  could  compare 
them.  Wherever  they  contained  no  coal  plants,  and  were  in  juxtaposition  to  the 
new  red  sandstone,  such  strata,  even  in  England,  were  formerly  classed  with  that 
formation,  at  a  time  when  mere  colour  and  mineral  characters  prevailed  over  other 
considerations.    In  a  sketch  by  Captain  Ivanitzki  of  this  portion  of  the  country, 
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these  deposits  are  considered  to  be  the  equivalents  of  the  Rothe-todte-liegendc, 
but  we  are  not  of  this  opinion,  because  we  know,  that  in  the  regular  ascending 
order  as  previously  described  (p.  95.),  red  sandstones  pass  under  and  alternate 
with  beds  of  carboniferous  limestone,  and  that  the  highest  beds  of  the  system, 
consisting  of  black  shale  and  ferruginous  sandstone  of  very  dissimilar  composi- 
tion, are  not  surmounted  by  any  such  strata.  The  whole  of  the  seams  of  coal 
which  occur  at  intervals  throughout  this  district  are  invariably  interlaced  with 
calcareous  courses,  which  are  charged  with  the  fossils  of  the  mountain  limestone ; 
mid  as  such  fossils  are  seen  at  intervals  throughout  the  whole  scries,  we  consider 
(subject  always  to  corrections  resulting  from  more  detailed  survey)  that  all  these 
grits  and  sandstones,  whatever  may  be  their  colour,  are  subordinate  to  the  carbo- 
niferous limestone.  Such,  at  all  events,  are  the  whetstones,  flagstones  and  grits 
which  repose  upon  and  alternate  with  thin  courses  of  limestone  between  Gosu- 
darev-Buyerak  and  the  great  road  from  Novo  Tchcrkask  to  Bachmuth,  and  which 
constitute  a  plateau,  with  anthracite  and  coal-seams  in  the  valley  on  either  side 
of  it.  Nor  do  we  see  how  any  of  the  red  rocks  in  question  can  be  separated  from 
the  same  group  (see  PI.  I.  fig.  7.). 

Coal-mines  of  Jeleznoe  or  Nikitofka  '.—On  the  east  bank  of  the  Toretz  lies  the 
village  of  Jeleznoe,  deriving  its  name  from  a  little  stream,  the  Jeleznaia,  and 
distinguished,  like  some  other  places  in  those  tracts,  by  numerous  remains  of  the 
idols  of  the  Aborigines,  carved  out  of  the  stronger  and  coarser  grits  previously 
described.  Ascending  by  the  Jeleznaia,  we  were  conducted  to  the  chief  coal- 
works  of  the  villagers,  situated  at  a  height  of  perhaps  300  or  400  feet  above 
the  adjacent  valley,  and  about  seven  versts  from  the  village,  on  the  western  slope 
of  the  round-backed  plateau  or  steppe  which  intervenes  between  Jeleznoe  and 
Gosudarev-Buyerak. 

The  strata  being  here  considerably  inclined  (from  40'  to  80°),  a  succession  of 
coal-seams  and  shale  is  exposed,  alternating  with  hard  bands  of  grit,  sandstone 
and  limestone,  as  represented  in  the  section  (PI.  I.  fig.  8.). 

In  descending  from  the  plateau  to  the  west  and  south,  the  lowest  strata,  which 
occupy  indeed  the  largest  surface  of  these  upper  steppes  or  moorlands,  arc  seen  to 
consist  of  hard,  grey,  gritty  sandstones,  weathering  to  a  rusty  colour,  and  very 
much  resembling  the  moor-stones  of  the  west  of  Durham,  the  Yorkshire  Dales  and 

'  A  correct  and  minute  description  of  these  coal-mine*  will  be  found  in  the  memoir  of  Cnpt.  Iran- 
itzlcj.    We  merely  describe  what  we  saw  at  one  spot  and  at  a  period  when  the  worka  were  abandoned. 
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West  Northumberland.  The  lowest  beds  are  about  two  feet  three  inches  thick, 
the  second  and  third  seams  about  three  feet  each  ;  these  are  separated  by  clunch, 
clay  and  shale,  and  a  little  sandstone.  The  fourth  seam  is  about  two  feet  four 
inches  thick,  and  is  surmounted  by  a  coarse,  pebbly  grit.  This  is  followed  by 
an  impure  grey  limestone,  containing  £ncrini  and  Producti,  alternating  with  grit 
and  sandstone,  which  is  succeeded  by  another  band  of  limestone,  in  which  we  found 
a  few  Fusulina?,  and  a  great  thickness  of  shale,  the  latter  being  capped  by  a  ledge 
of  coarse,  pebbly  sandstone,  forming  the  roof  of  the  sixth  or  uppermost  coal  ob- 
servable in  this  section. 

By  pacing  across  the  strata  from  the  lowest,  which  arc  exposed  on  the  high 
ground,  to  the  uppermost  ledge  which  rises  from  the  bank  of  the  Jcleznaia,  our 
rough  estimate  gave  a  thickness  of  about  1200  yards,  in  which  space  the  hard 
rocks  form  little  ridges,  slightly  protruding  through  the  slopes  of  long  grass,  the 
shales  having  been  worn  into  depressions.  The  strike  of  the  beds  is  from  west- 
north-west  to  east-south-east,  and  the  dip  to  the  south-south-west,  the  angle  in- 
creasing gradually  from  40°  near  the  rivulet,  to  55°  and  80°  as  you  ascend  the  hill 
to  the  last  bed  worked,  is  marked  by  piles  of  coal  recently  extracted.  The  upper- 
most coal  is  the  best  and  most  solid,  but  as  it  lies  in  the  lowest  position,  the 
peasants  have  not  been  able  to  follow  it  in  their  rude  works,  on  account  of  the 
influx  of  water. 

The  best  and  hardest  beds,  or  those  upon  the  dip,  having  soon  plunged  beyond 
the  reach  of  the  natives,  who  employ  neither  engines  nor  adits  to  dry  their  shallow 
mines,  (in  this  country,  indeed,  they  can  with  difficulty  obtain  sufficient  wood 
even  to  support  the  roofs,)  the  two  lowest  scams  only  have  been  latterly  worked  in 
this  locality.  The  same  beds  arc  explored  by  the  peasantry  in  other  localities 
(which  we  did  not  visit),  whenever  a  favourable  outcrop  tempts  them  to  employ 
their  spare  hours  in  thus  procuring  fuel1.  Though  most  of  the  coal  lying  at  the 
mounds  was  of  the  broken  and  small  character  which  in  the  English  northern 
coal-fields  would  be  consumed  for  steam,  or  sold  for  waste,  we  had  little  doubt, 
judging  from  a  few  of  the  fragments,  that,  by  deep  works  and  an  improved  system 
of  mining,  better  coal  might  be  obtained,  although  it  is  improbable  that  such  thick 
masses  of  the  mineral  will  ever  be  discovered  in  this  tract,  as  have  been  pro- 

1  At  the  period  of  our  riait  (September),  the  harvest  and  autumnal  sowing  having  been  long  finished, 
the  peasants  were  employing  their  spare  team*  of  oxen  in  transporting  coal  from  the  adjacent  pita. 
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cured  in  the  very  productive  north-eastern  angle  of  the  field,  with  an  account  of 
which  we  shall  terminate  our  observations. 

Imperial  Coal-works  of  Uspensk. — Having,  we  conceive,  sufficiently  explained 
our  general  views  concerning  the  districts  in  which  coal  has  been  a  little  worked, 
it  does  not  accord  with  our  object  to  enter  into  details,  or  to  cite  many  localities 
where  the  outcrop  of  the  mineral  is  known,  all  of  which  we  leave  to  Russian  engi- 
neers. We,  therefore,  proceed  to  describe  the  north-eastern  angle  of  this  coal 
tract,  to  which  the  attention  of  the  Imperial  Government  has  been  most  directed, 
because  it  has  afforded  the  greatest  quantity  and  best  quality  of  fuel.  This  coal  is 
not  only  used  in  the  adjacent  foundries  of  Lugan,  but  is  transported  by  the  river 
Donetz  (navigable  in  the  spring  and  early  summer  season)  to  the  mouth  of  the 
Don  aud  Sea  of  Azof. 

In  the  same  manner  as  upon  the  Lower  Donetz  and  the  Krinka,  where  we  first 
noticed  the  existence  of  anticlinal  and  synclinal  lines,  the  whole  of  the  northern 
districts  may  be  said  to  be  split  up  upon  numerous  lines  of  dislocation,  trending 
for  the  most  part  from  west-north-west  to  east-south-east,  and  often  producing 
great  folds  and  repetitions  in  the  strata. 

Thus,  in  passing  from  south  to  north  over  dome-shaped  masses  of  grit,  to  which 
we  have  before  adverted  as  lying  to  the  north  of  Ivanofka,  and  in  which  hard 
grey  grits  and  sandstones  are  sometimes  prevalent,  the  observer  who  descends  into 
the  valley  of  the  little  river  Alkovaia  is  struck  with  the  violent  breaks  and  highly 
inclined  positions  of  the  strata. 

It  was  the  natural  outcrop  of  beds  of  good  coal  on  the  northern  sides  of  this 
valley  which  originally  induced  the  Russians  to  establish  works  here,  the  first 
shafts  having  been  sunk  about  forty  years  ago  by  the  Scottish  miner  Gascoigne, 
whose  name  has  acquired  a  permanent  place  in  Russian  history,  as  having  explored 
some  of  their  earliest  sites  of  iron-ore  and  coal,  and  established  many  of  their 
great  iron-foundries.  Employing  a  small  company  of  his  countrymen,  Gascoigne 
first  opened  the  coal-pits  of  Uspensk,  of  which  we  are  now  speaking,  and  next 
those  of  Lissitchia-Balka,  to  be  described  in  the  sequel ;  and  though  no  English 
workman  now  remains,  it  is  worthy  of  remark  that  the  insular  names  of  main,  splent, 
cherry,  &c,  by  which  the  different  seamB  were  first  distinguished,  from  their  re- 
semblance to  certain  English  coals,  are  still  preserved,  and  now  form  part  of  the 
vocabulary  of  the  Russian  miners. 

At  Uspensk,  which  is  situated  to  the  east  of  the  foundries  of  Lugan,  eleven 
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seams  of  coal  are  knowu,  but  of  these  only  three  are  now  worked,  viz.  from  four- 
teen inches  to  three  feet  thick  each,  the  remainder  being  thin,  impure  and  profit- 
less. These  beds  are  subordinate  to  grits,  schists  and  limestones,  and  among  the 
fossils  of  the  latter  we  perceived  both  the  Spirifer  Mosquensi*  and  the  Chatetes 
radians,  thus  proving  beyond  a  doubt  that  the  coal  is  included  in  the  central  mem- 
ber of  the  carboniferous  limestone,  and  superior  to  the  rocks  of  the  Lower  Donetz 
and  Krinka,  and  to  the  great  limestone  of  Karakuba.  The  prevailing  strike  is  east 
and  by  south,  west  and  by  north,  and  the  dip  is  usually  to  the  north  and  by  east, 
at  very  high  angles,  viz.  50°  to  G0°.  Some  of  the  seams  of  coal  thin  out,  when 
followed  downwards  to  a  depth  of  thirty  fathoms,  in  the  same  way  as  haa  been 
observed  in  the  coal-field  of  Coalbrook  Dale,  where  such  wedging-out  is  termed  a 
"  Simon  fault  "  '.  In  general  the  roofs  of  the  coal  are  grits  and  sandstones,  and 
their  floors  are  composed  of  shale  ;  but  in  one  iustance  the  roof  is  a  bed  of  Spirifer 
and  Encrinitc  limestone,  and  in  another  a  clunch  or  clay.  Many  plants  occur, 
chiefly  in  the  schist  and  clunch,  and  among  them  are  numerous  Ferns  as  well  as 
Stigmaria?.  The  coal  of  Uspcnsk  being  extracted  on  the  sides  of  the  hills  high 
above  the  line  of  drainage  of  the  country,  no  steam-engines  have  been  yet  em- 
ployed ;  but  when  we  were  there,  the  difficulties  having  increased  with  the  greater 
depth,  a  small  twelve-horse  power  machine  had  been  prepared  to  obviate  them.  This 
coal  is  somewhat  of  that  mixed  nature  to  which  we  have  before  alluded,  being  very 
far  from  a  pure  bituminous  coal ;  and  although  it  gives  little  or  no  flame  or  smoke 
compared  with  that  of  Lissitchia-Balka  (the  great  mine  of  the  region),  it  is  very 
useful  in  forging  iron,  and  contains  so  much  of  bitumen  as  to  set  well  and  coagu- 
late when  heated. 

The  natural  sections  presented  by  the  hills  on  the  north  of  the  Alkovaia,  between 
Uspcnsk  and  Lugan,  are  singularly  instructive  in  presenting  a  succession  of  highly 
inclined  strata  of  the  Carboniferous  system,  one  of  the  depressions  between  the 
ridges  being  filled  with  a  small  basin  of  chalk  which  is  unconformable,  as  ex- 
pressed in  PI.  I.  fig.  10  ;  and  finally,  the  carboniferous  sandstones  subsiding  in 
their  progress  to  the  north,  are  covered  by  the  vast  and  thick  development  of  chalk 
in  which  the  Lugan  iron-foundries  are  placed. 

■  See  the  memoir  of  Mr.  Prestwicb  on  the  coal-field  of  Coalbrook  Dale  (Geol.  Trans,  vol.  v.  p.  413.). 
one  of  the  most  valuable  pictures  of  the  underground  relations  of  a  highly  complicated  coal-field  which 
has  ever  been  communicated  to  the  public.  A  brief  account  of  this  field  is  also  given  in  the  '*  Silurian 
System  "  of  Mr.  Murchison,  p.  99. 
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Imperial  Coal-works  of  Lissitchia-Balka. — A  long  and  narrow  promontory, 
subtended  by  the  Donctz,  and  extending  to  Privolnoe  on  the  north-north-west,  is 
composed  of  carbonaceous  masses,  the  chief  strike  of  which  is  in  that  direction, 
and  therefore  oblique  to  the  prevalent  bearing  of  the  other  masses  which  have  been 
described  (see  Map).  At  Vcrknie,  to  the  north  of  the  great  iron-foundries  or 
Zavod  of  Lugan,  the  carboniferous  strata  emerge  from  beneath  the  cretaceous 
deposits,  the  relations  of  which  will  be  hereafter  described.  Upcasts,  similar 
indeed  to  those  displayed  near  Uspensk,  are  exhibited  in  ascending  the  Donetz, 
and  they  constitute  the  nucleus  of  the  hills  on  the  right  or  west  bank  of  that  river. 
The  existence  of  coals  has  been  proved  at  three  or  four  localities,  but  the  site 
where  the  best  seams  were  formerly  discovered  by  Mr.  Gascoigne,  and  where  he 
commenced  the  chief  Imperial  works,  is  at  a  spot  called  Lissitchia-Balka,  or 
"  Fox  Dingle,"  near  the  end  of  the  promontory  alluded  to.  Deep  ravines  which 
open  out  into  the  valley  of  the  Donetz  had  here  laid  bare  those  natural  outcrops 
of  coal,  which  led  to  the  present  extended  works.  This  spot,  about  thirty  vcrsts 
north-east  of  Bachmuth,  is  now  the  centre  of  a  flourishing  establishment,  producing 
a  considerable  quantity  of  coal,  the  greater  part  of  which  is  used  in  the  manufac- 
ture of  iron  at  the  forges  of  Lugan. 

The  works  at  this  place  have  shown  that  the  strata  fold  round,  to  some  extent, 
in  the  form  of  a  dome  of  elevation,  dipping  to  the  east,  south  and  west,  but  the 
present  levels  are  driven  upon  the  easterly  dip  or  towards  the  river  Donetz,  to 
which  they  incline  at  about  18°.  A  ravine,  however,  which  opens  out  to  the  north, 
exposes  the  beds  in  very  highly  inclined  positions  with  a  disturbed  strike,  in  parts 
vertical,  and  the  dip  even  quite  reversed.  Ascending  from  the  river  banks  by 
this  ravine,  we  saw  in  succession  highly  inclined  beds  of  limestone,  clunch,  sand- 
stone and  coal,  each  of  which  were  well  known  to  the  superintendent  who  ac- 
companied us,  as  being  identical  with  some  of  those  which  are  explored  in  the 
works  beneath  and  on  the  regular  dip. 

Including  small  and  profitless  layers,  not  less  than  thirteen  seams  of  coal  are 
passed  through  in  the  shafts  at  Lissitchia-Balka,  seven  of  which  are  extracted  for 
use  ;  the  greater  part  of  the  coal  is  of  fair  quality,  and  some  exceedingly  good. 
The  larger  portion  may  be  called  bituminous  coal,  as  it  cements  together  in  the  fire, 
gives  much  flame  and  smoke,  and  serves  for  reverberating  furnaces.  Argillaceous 
schist  and  slate  clay  (clunch  and  clod)  abound  in  great  thicknesses,  and  although 
some  of  the  beds  contain  small  nodules  of  argillaceous  iron-ore,  with  a  septarian 
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structure,  it  does  not  appear  that  these  concretions  are  numerous  enough  to  in- 
duce the  Russian  miners  to  use  them.  All  the  best  iron  manufactured  in  the 
Imperial  Zavods  is  brought  from  the  Ural  chain  and  its  flanks  '.  In  order  to  dry 
the  upper  portion  of  these  mines,  a  noble  adit,  nearly  seven  feet  high,  resembling 
in  its  dimensions  one  of  the  ancient  mining  conduits  of  the  Romans,  is  now  nearly 
completed,  and  we  ascended  it  from  its  outlet  at  the  mouth  of  one  of  the  chief  ra- 
vines, examining  the  bands  of  sandstone  and  shale  along  the  sides.  Anxious  to 
explore  still  lower  strata  than  those  which  will  be  drained  by  this  adit,  General 
Tcheffkine  has  resolved  to  sink  yet  deeper  shafts,  and  then  to  dry  the  lower  mines 
by  a  steam-engine,  which  was  almost  finished  when  we  left  the  place. 

The  fossil  contents  of  the  limestone  which  alternate  with  these  coal-seams,  prove 
most  clearly  that  the  whole  occur  upon  the  same  geological  horizon  as  those  which 
are  the  most  productive  of  coal  throughout  the  other  parts  of  this  region,  viz.  the 
middle  carboniferous  or  Moscow  limestone  ;  for  the  engineers  had  collected  a  suite 
of  the  fossils  characterizing  each  stratum,  to  illustrate  a  carefully  drawn  vertical 
section  prepared  by  them,  of  which  the  opposite  woodcut  is  a  reduced  copy  . 

We  thus  had  the  means  of  naming  each  species  on  the  spot,  and  in  presence  of  the 
persons  who  had  actually  seen  it  in  its  place  in  the  coal-shafts,  and  this  scrutiny 
convinced  us,  that  the  whole  of  the  great  mass  here  passed  through  is  the  repre- 
sentative of  the  central  or  Moscow  limestone.  The  Spirifer  Mosquensis,  for  example, 
so  characteristic  of  that  zone,  and  which  we  have  never  found  associated  with  the 
Productus  giganteus  of  the  lowest  limestone,  here  ranges  from  one  of  the  upper 
beds  of  limestone  to  the  very  lowest  calcareous  bed  of  the  annexed  list.  The 
Productus  antiquatus,  so  characteristic  of  the  mountain  limestone  of  Britain,  and 
indeed  of  Western  Europe  generally,  is  found  in  the  uppermost  fossil  beds,  where 
it  is  associated  with  an  Orthis  and  the  small  Trilobite  Otarion  Eichwaldi  (Fisch.), 
and  again  the  same  characteristic  fossil  occurs  in  argillaceous  beds  above  the  main 
coal,  where  it  is  accompanied  by  a  small  Productus,  Orthis,  Bellerophon.Turritella, 

1  The  profution  of  fine  magnetic  iron-ore  in  the  Ural  Mountains,  and  the  immense  quantities  of  the 
lew  valuable  hydrate  of  iron  which  is  spread  out  at  intervals  near  the  *urface  in  the  low  countries  of 
Russia,  render  it  almost  useless  for  the  miner  yet  to  think  of  working  clay-iron  ores,  even  though  they 
occur,  like  those  of  Lissitchia-Balka.  in  association  with  coal  and  limestone. 

'  The  opposite  detailed  section  of  the  strata  furnished  to  us  by  the  Russian  miners,  was  prepared  by 
order  of  the  Imperial  Administration  of  Mines,  whose  intentions  were  completely  carried  out  through  the 
agency  of  Colonel  Bcthman.  the  director  of  the  Zavod  of  Lugan,  and  mining  chief  of  this  country,  with 
the  aid  of  our  friend  Major  Teploff,  and  the  director  of  the  coal-mines  Captain  Smirnoff. 
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Pcctcn  and  Nautilus.  In  the  limestone  and  slate-clay  above  the  splent  coal,  the 
Spirifer  Mosquensis  is  again  seen,  associated  with  a  Pecten,  a  Retepora  and  other 
flexible  Polypifcrs ;  and  lastly,  in  the  limestone  overlying  the  lowest  coal,  this 
shell  is  again  found,  together  with  the  Euomphalws  Baeri,  n.  s.  (Eichw  ). 

Of  the  plants  we  have  not  the  means  of  speaking  with  the  same  precision,  not 
having  brought  away  good  specimens ;  but  we  are  certain  that  many  of  the  forms 
of  Equiseti,  Calamites,  Sigillaria  and  Ferns  which  we  saw  are  identical  with  species 
common  to  the  coal  formations  of  Western  Europe. 

The  section  of  Lissitchia-Balka  proves  to  us,  that  in  a  vertical  depth  of  near 
900  English  feet,  the  united  thickness  of  the  coal-seams  is  upwards  of  thirty  feet ; 
of  the  limestones,  near  fifty ;  of  the  grits  and  sandstones,  above  200  ;  whilst  the 
argillaceous  beds,  which  vary  in  quality  from  the  clunch  to  the  clod  of  the  miners 
(or  slate-clay,  schist,  shale  of  the  mineralogist),  amount  to  near  GOO  feet. 

These  lithological  statistics  are  of  theoretical  as  well  as  of  practical  value,  for 
they  enable  us  to  speculate  on  the  conditions  under  which  the  coal  was  accumu- 
lated, whilst  they  teach  us  how,  with  varying  lithological  and  organic  contents, 
the  same  beds,  in  different  parts  of  the  globe,  assume  such  very  different  aspects. 
Seeing  the  argillaceous  schists,  shale,  sandstone  and  grit,  which  here  alternate 
with  the  coal,  and  the  frequency  and  dimensions  of  the  coal-seams,  any  practical 
collier  from  the  best-worked  tracts,  even  of  the  British  Isles,  who  had  not  studied 
fossil  remains,  might  be  convinced  that  these  shafts  were  6unk  in  the  coal- 
measures,  the  "  Terrain  Houiller  "  of  the  French  ;  and  still  more  closely  would  he 
cling  to  this  belief,  when  he  saw  that  the  forms  of  the  plants  were  identical  with 
those  to  which  he  had  been  accustomed  in  his  own  coal-fields,  imbedded  in  similar 
clod,  clunch,  sandstone  and  grit.    Yet  would  he  have  erred  in  classification,  to 
the  extent  of  one  great  and  important  member  of  the  geological  scale,  for  the  bands 
of  limestone  and  calcareous  shale  which  alternate  with  this  great  argillo-carbon- 
aceous  mass,  inform  us  without  any  doubt,  that  all  these  accumulations  (unlike 
those  of  our  upper  coal-fields,  in  which  marine  exuviae  are  either  absent  or  ex- 
ceedingly rare,)  were  deposited  under  the  sea.    From  the  top  to  the  bottom  of 
the  section,  we  find  unequivocal  remains  of  marine  animals,  many  being,  indeed, 
identical  with  those  which  abound  in  the  great  limestone  that  forms  the  support  of 
the  coal-fields  of  the  British  Isles.    In  the  western  dales  and  moors  of  Yorkshire, 
Durham  and  Northumberland,  there  also  exist,  it  is  true,  certain  beds  of  coal  in 
the  lower  or  marine  members  of  the  Carboniferous  system,  but  they  are  not  by 
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any  means  so  rich  in  coal,  coal-shale  and  plants,  as  this  Russian  deposit,  which 
is  the  more  remarkable  per  se,  when  compared  with  the  strata  of  the  same  age 
previously  described  in  the  basin  of  Moscow,  where  there  is  not  a  trace  of  car- 
bonaceous matter  or  black  shale  in  deposits  containing  the  same  species  of 
Spirifer  and  Productus.  Instead  of  the  grey  and  dark  hituminous  limestones 
of  this  southern  tract,  the  whole  calcareous  mass  around  Moscow,  and  extend- 
ing to  near  Archangel,  is,  as  we  have  before  shown,  a  pure  white  limestone, 
with  some  inosculating  bands  of  magnesian  character,  and  also  of  red  and 
green  marls  and  sands.  In  the  Valdai  Hills  and  in  the  governments  of  Tula 
and  Kaluga,  coal,  on  the  contrary,  is  found  only  in  strata  beneath  the  lowest 
zone  of  carboniferous  limestone,  as  in  Berwickshire  in  the  British  Isles  ;  whilst 
in  the  south  of  Russia  we  are  as  yet  unacquainted  with  any  notable  seam  of  coal 
so  low  in  the  system,  unless  it  be  the  anthracites  of  Popofskoe  and  the  Lower 
Donetz. 

The  tabular  view,  therefore,  which  we  have  prepared  and  annexed  to  the  Map, 
and  which  exhibits  on  one  side  of  the  coloured  scale  a  central  mass  of  pure 
limestone  (Moscow),  graduating  on  the  other  side  into  a  series  of  shale  and 
grit,  with  thin  courses  of  limestone  (Donetz),  conveys  a  true  picture  of  the  great 
difference  in  composition  between  the  same  carboniferous  masses  in  the  northern 
and  southern  regions  of  Russia. 

In  regard  to  the  theory  of  the  origin  of  coal,  which  has  of  late  attracted  so  muc  h 
the  attention  of  English  geologists,  the  sections  of  Lissitchia-Balka  and  of  the 
southern  regions  of  Russia  assure  us,  that  the  hypothesis  of  the  formation  of  coal- 
beds  by  masses  of  vegetation,  and  the  ground  on  which  they  grew  having  subsided 
in  situ  (the  truth  of  the  application  of  which  to  some  coal-basins  we  do  not  dispute), 
cannot  be  applied  to  the  cases  in  question,  anymore  than  to  the  pure  marine  coal- 
beds  of  the  northern  districts  of  Northumberland,  and  the  north-western  parts  of 
Yorkshire,  &c.  It  is  true,  indeed,  that  several  of  the  seams  of  coal  at  Lissitchia- 
Balka  have  a  sub-stratum  of  argillaceous  schist,  and  that  perchance  these  sub- 
strata might  be  identified  lithologically  with  the  bottom  or  fire-clay  of  the  observers 
who  support  that  view.  But  what  does  this  prove  ?  Supposing  even  that  it  was 
a  creeping  plant  that  grew  upon  the  spot,  is  the  Stigmnria  ficoides  alone  there  ? 
By  no  means,  for  we  meet  with  a  confused  assemblage  of  many  terrestrial  plants 
both  above  and  below  the  coal-seams ;  whilst  from  the  uppermost  to  the  lowest 
bed,  throughout  a  thickness  of  about  800  feet,  the  shells  are  exclusively  of  marine 
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origin.  What  then  docs  the  finely  levigated  shale  or  clunch,  which  is  the  sup- 
port of  the  coal-seam*,  indicate,  but  that  in  those  periods  when  the  bottom  of  the 
sea  was  spread  over  with  the  detritus  of  matted  and  broken  plants,  washed  into  it 
by  inundations  or  freshes  of  former  rivers,  that  the  heavier  earthy  matters  which 
accompanied  such  accumulations  (in  the  same  way  as  in  the  floating  islands  or 
snags  of  the  great  American  rivers),  sank  to  the  bottom,  whilst  the  lighter  plants 
floated,  and  formed  the  upper  stratum  ? 

The  plants  thus  left  upon  the  muddy  slime  which  had  cither  been  drifted  with 
them  or  derived  from  the  destruction  of  the  lands  on  which  they  grew,  were  sub- 
sequently covered  by  other  sediment,  sometimes  in  the  form  of  siliceous  sand,  at 
other  times  of  argillaceous  matter  impregnated  by  calcareous  springs,  thus  account- 
ing to  us  for  the  varied  nature  of  the  roofs  of  the  coal-seams,  which  consist  of  grit, 
sandstone,  or  limestone,  according  to  the  condition  of  the  water  which  succeeded 
the  deposit  of  each  layer  of  vegetable  and  earthy  matter.  We  may,  however,  ex- 
press our  belief,  that  here  as  elsewhere  some  of  the  coal  which  is  found  in  strata 
alternating  with  marine  deposits,  may  have  resulted  from  the  washing  away  and 
the  entombing  at  short  distances  from  their  original  site,  of  the  low  jungle  edges 
of  tropical  islands  ;  in  other  words,  by  the  sinking  into  the  adjacent  sea  of  floating 
masses  of  matted  earth  and  plants. 

Strata  overlying  the  Carboniferous  Rocks. — Before  we  quit  the  consideration  of 
this  productive  coal  tract,  we  would  invite  our  successors  who  may  have  more 
time  at  their  disposal  than  we  had  (for  the  summer  was  past  when  we  quitted  Lis- 
sitchia-Balka), to  examine  well  the  succession  of  strata  between  that  place  and 
Bachmuth.  Even  in  our  rapid  movements,  however,  we  saw  enough  to  convince 
us  that  the  carboniferous  strata  of  the  promontory  of  Lissitchia-Balka  fold  over, 
and  dipping  to  the  west  and  south,  disappear  beneath  other  peculiar  limestones, 
whilst  these  again  (PI.  I.  tig.  3.)  descend  into  the  vale  of  Bachmuth,  and  pass 
conformably  under  red  marl,  limestone,  sandstone  and  gypsum. 

In  leaving  the  coal  country  of  Lissitchia-Balka  and  in  passing  to  Bachmuth,  we 
found  the  scries  overlying  the  Carboniferous  promontory  near  the  village  of  Bie- 
lagorskaya  to  consist,  in  ascending  order,  of — 1.  Yellowish  sandy  magnesian  flag- 
like limestone,  with  flattened  siliceous  concretions  and  casts  of  Avicula*.  2.  Yel- 
lowish and  brown  sandstone,  with  concretions.  3.  Massive  gypsum.  4.  Limestone 
of  much  lighter  colour  than  any  of  the  adjacent  carboniferous  region,  in  parts 
cavernous  and  tufaceous,  in  parts  sandy  and  magnesian,  with  some  green  grains. 
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This  thin-bedded  rock,  though  absolutely  subordinate  to  white  and  other  marls 
with  gypsum,  contains  small  Producti  very  analogous  to  fossils  of  the  Zechstcin  ; 
one,  indeed,  having  since  been  identified  by  Mr.  J.  Sowerby  with  the  P.  horridus 
of  the  English  magnesian  limestone,  whilst  another  shell  is  undistinguishablc  from 
the  Leptnma  sarcinulata  of  the  Carboniferous  rocks.  5.  White  and  grey  marl- 
stone  in  layers  with  gypsum.  6.  Red  and  brown  marl  and  gritty  sandstone,  inter- 
laced with  gypseous  flags  and  pure  white  gypsum.  7.  Coarse  pebbly  calcareous 
deposit  (see  PI.  I.  fig.  3.) :  these  beds  are  exposed  in  a  succession  of  low  hills 
within  the  distance  of  three  versts,  and  they  all  plunge  westwards  and  form  the 
eastern  side  of  the  vale  of  Bachmuth. 

Wc  have  no  doubt  that  this  red  and  yellow  group  represents  as  a  whole  the 
Permian  system  hereafter  to  be  described,  and  we  trust  that  future  geologists  will 
be  enabled  to  give  other  and  more  detailed  sections,  showing  the  exact  manner  in 
which  the  carboniferous  strata  pass  upwards  iuto  that  deposit,  which  occupies  the 
valley  of  Bachmuth  and  its  slopes  '. 

Outliers  of  the  Carboniferous  Rocks  at  and  around  Petrofshaya,  §c.  §c. — Besides 
the  great  southern  coal  tract,  carboniferous  strata  associated  with  limestones  similar 
to  those  we  have  described,  are  visible  about  two  versts  to  the  west  of  the  military 
colony  of  Petrofskaya  on  the  right  bauk  of  the  Upper  Donctz. 

The  intervening  country  between  Bachmuth  and  this  spot  is  occupied  by  over- 
lying red  sandstone  (Permian?),  Jurassic  rocks,  chalk,  &c.  The  coal  strata  which 
wc  examined  at  this  spot  arc  exposed  in  a  ravine  at  a  slight  elevation  above  the 
Donetz  and  its  tributaries,  and  are  overlaid  by  incoherent  materials  of  reddish  sand 

1  in  reference  to  this  section,  wc  must  state  that  wc  urged  our  friend  Major  Teploff,  who  accompsiuird 
us,  to  endeavour  to  work  out  this*  point  upon  returning  to  his  station.  In  the  mean  time  it  may  be  ob- 
served,  that  in  a  memoir  illustrated  by  a  small  map  and  several  sections,  published  in  the  Russian  edition 
of  the  '  Journal  des  Mine*,'  1838,  Cnpt.  Ivanitzki  has  described  the  environs  of  Bachmuth.  We  feel  con- 
fident that  many  of  the  red  rocks  near  Bachmuth,  with  gypsum,  conglomerate,  &c.,  which  he  referred  to 
the  Kcuper  and  Red  Sandstone,  constitute  an  integral  port  of  the  Permian  system.  Indeed  our  section 
above  proves  that  they  are  intimately  connected  with  the  limestone*  with  Producti  we  have  just  de- 
scribed. The  sections  of  Capt.  Ivanitzki  exhibit  alternations  of  limestone  with  green  and  red  clays, 
gypsum,  &c,  on  the  banks  of  the  Kolima.  a  tributary  of  the  Bachmutka.  Other  beds  of  his  «  manic* 
imees"  consist  of  large  concretions  of  gypsum,  subordinate  to  red  and  green  argillaceous  marl ;  and  again, 
other  strata,  which  are  horizontal  as  well  as  curved  and  highly  inclined,  and  which  occur  on  the  Donetz. 
Soukaia-plotiva  and  Bachmutka  rivers,  are  red,  greyish,  and  ferruginous  grits  and  conglomerates,  sands , 
argillaceous  marls  and  clays,  calcifcrous  grits  (macigno).  The  whole,  in  short,  is  a  lithological  epitome 
of  the  great  Permian  system  hereafter  to  be  described. 
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and  clay.  The  following  succession  of  beds  is  developed  in  ascending  order,  dip- 
ping to  the  north-west  at  angles  of  which  45°  may  be  taken  as  the  average  : 

1.  Highly  bituminous,  hlack,  subcrystalline  limestone,  in  which  no  fossils  were  observed  (this  root  has  an 

altered  aspect). 

2.  Ferruginous  shale  with  some  ironstone,  tec. 

3.  Thick-bedded,  mottled,  subconcri-tionary  coni|iact  limestone,  in  parte  of  light  grey,  in  others  of  dark 

bluish  grey  colours,  of  scaly  conchoidal  fracture,  passing  here  and  there  into  a  ferruginous  "  lumachclli." 

In  this  limestone  Lieut.  Vasilief,  of  the  Mining  Corps,  who  was  stationed  here 
and  obligingly  explained  the  section  to  us,  had  collected  many  fossils,  some  of 
which  are  identical  with  species  which  abound  in  the  southern  tracts. 

4.  Sandstone  and  shale,  with  impure  iron  ores. 

5.  Coal,  sulnirdinate  to  beds  of  bluish  shale  or  argillaceous  schist,  formerly  worked  by  a  shallow  shaft  eight 

toiaes  deep,  but  now  abandoned  on  account  of  the  influi  of  water.  This  coal  is  about  two  feet  thick 
and  approaches  in  quality  to  Cannel  coal. 

6.  Great  developement  of  ferruginous  sandstone,  occasionally  pebbly,  with  traces  of  carbonaceous  matter. 

7.  Upper  coal-beds,  consisting  of  three  scams  of  small  thickueas,  alternating  with  shale  and  worked  by 

shafts,  six  and  ten  toise*  deep,  but  now  almost  abandoned. 
R.  Ferruginous  sandstone  and  shale. 

These  coal-seams  of  Petrofskaya  having  been  worked  in  the  most  simple  manner 
only,  and  at  little  or  no  expense,  it  is  difficult  to  say  to  what  account  they  may 
eventually  be  turned,  for  the  small  seams  alluded  to,  have  been  extracted  for  the 
use  of  the  military  village  only,  and  the  whole  force  employed,  with  the  exception 
of  the  engineer,  consisted  of  a  few  soldiers,  placed  under  his  orders  at  intervals  by 
way  of  punishment. 

As  coal  has  been  discovered  at  Gussadofka  four  versts  north,  and  at  Dimitrofka 
fifteen  versts  to  the  south  of  Petrofskaya,  it  would  appear  (whatever  may  be  the  na- 
ture of  the  overlying  deposits)  that  coal-bearing  strata  constitute  the  fundamental 
rocks  of  this  region. 

With  the  improved  culture,  however,  introduced  by  the  military  colonies,  and 
the  rapid  rise  into  commercial  and  manufacturing  importance  of  the  city  of  Khar- 
kof,  nearly  100  versts  to  the  north  of  these  coal-beds,  it  is  highly  probable  that 
the  tract  around  Petrofskaya  may  eventually  be  brought  into  notice.  It  would, 
indeed,  be  highly  desirable  that  the  Imperial  Government  should  direct  researches 
to  be  made  between  the  known  outcrops  of  coal  and  the  city  of  Kharkof,  as  the 
carbonaceous  masses  may  extend  northwards  and  be  found  at  moderate  depths  be- 
neath the  cretaceous  rocks  of  that  government.  It  is  right,  however,  to  bear  in 
mind,  that  the  coal  strata  of  Petrofskaya  are  in  a  highly  dislocated  condition,  with 
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a  strike  from  north-north-cast  to  south-south-west  (almost  at  right  angles  to  the 
prevailing  direction  of  the  great  adjacent  coal  tracts),  and  with  a  dip  to  the  north- 
west;  which  inclination,  if  continued,  would  occasion  them  to  be  soon  buried  at 
unattainable  depths  beneath  the  younger  rocks  on  the  north.  But  should  this 
prove  to  be  the  case,  and  that  the  coal  near  Petrofskaya  is  merely  at  the  surface 
through  local  upcasts,  still  the  area  over  which  it  has  been  already  seen,  and  its 
good  quality,  may  induce  the  Imperial  Government  to  prosecute  the  works  imme- 
diately around  Petrofskaya  in  a  scientific  and  vigorous  manner. 

General  relations  and  economical  importance  of  the  Southern  Carboniferous  Tracts. 
In  taking  leave  of  the  southern  coal  country,  we  may  be  permitted  to  offer  a  few 
observations  as  to  the  relative  produce  of  its  different  parts,  and  of  the  capabilities 
which  it  seems  to  afford  of  future  economical  development. 

The  crystalline  and  granitic  rocks  which  form  the  nucleus  of  the  whole  region 
being  well  exposed  between  the  Dnieper  and  the  Kalmiuss,  on  the  banks  of  the 
river  Voltchia,  we  have  the  clearest  proofs  that  the  carbonaceous  strata,  in  their 
extension  to  the  west  and  north-west,  dwindle  to  thin  zones  which  rest  upon  these 
older  rocks.  In  these  tracts  the  limestones  and  shales  disappear  and  the  few  traces 
of  coal  arc  associated  with  sandstone  and  grit.  All  endeavours,  therefore,  to  find 
coal  in  the  drainage  of  the  Dnieper,  or  within  portable  distances  of  that  great 
river,  so  as  to  be  of  use  to  the  manufacturers  of  Odessa  or  conveyed  at  small  ex- 
peuse  to  the  Black  Sea,  roust  be  futile. 

Towards  the  south-east,  however,  the  Kalmiuss,  as  previously  stated,  exposes 
a  succession  of  limestones,  grits,  shales,  wUh  some  coal.  As  no  works  worthy 
of  notice  have  yet  been  opened  in  this  tract,  it  may  seem  presumptuous  in  us  to 
offer  any  opinion  respecting  its  mercantile  value,  but  judging  from  the  few  traces 
which  there  occur  of  any  considerable  quantity  of  vegetable  remains,  and  also  from 
the  very  small  developement  of  the  seams,  as  well  as  from  the  nature  of  the  coal 
itself  (with  the  single  exception  of  Alexandrofsk),  we  should  be  disposed  to  think, 
that  few  portions  of  the  tracts  watered  by  the  Kalmiuss  or  its  tributary  brooks,  will 
be  found  to  contain  sufficient  carbonaceous  matter  to  lead  to  works  of  any  utility, 
beyond  the  mere  supply  of  the  adjacent  inhabitants. 

We  have  heard  that  the  researches  undertaken  by  the  Russian  engineers,  and 
particularly  those  made  under  the  auspices  of  M.  Anatole  Demidoff  and  conducted 
by  M.  Le  Play,  have  afforded  a  similar  conclusion,  drawn  not  merely  like  our 
own,  from  what  could  be  detected  in  natural  outcrops  and  a  few  artificial  openings, 
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but  also  from  borings  at  numerous  points,  as  well  as  from  the  analysis  of  the  coal- 
seams  discovered. 

To  the  east,  however,  of  the  north  and  south  parallel  in  which  the  Kalmiuss 
flows,  the  carbonaceous  matter  increases  considerably  with  the  augmentation  of 
masses  of  shale  with  limestone  ;  and  we  think  that  the  whole  of  the  ridges  south  of 
Bachmuth,  and  on  the  east  bank  of  the  Toretz  (the  mines  of  Jeleznoe  (p.  103)  afford 
a  good  illustration),  are  well  worthy  of  being  largely  excavated  and  carefully 
examined  ;  for  from  the  elevation  of  the  hills  it  is  evident,  that  in  many  of  these 
places  the  mines  could  be  drained  by  adits,  at  a  small  expense.  In  their  exten- 
sion to  the  south-cast,  the  strata,  becoming  highly  arenaceous  and  argillaceous, 
lose  at  the  same  time  their  carbonaceous  and  calcareous  features,  thin  courses  of 
limestone  only  being  apparent ;  and  with  this  lithological  change  the  coal  seams, 
diminishing  in  number,  become  gradually  anthracitic,  until  they  acquire  in  some 
parts  the  characters  of  true  anthracite.  This  tract,  particularly  its  south-eastern- 
most angle,  may,  we  presume,  prove  of  still  greater  economical  value  than  the 
district  of  the  Toretz,  both  on  account  of  the  good  quality  of  the  anthracite  and 
its  comparative  proximity  to  the  Sea  of  Azof ;  whilst  the  same  physical  features, 
viz.  broad  undulatory  ridges  high  above  the  drainage,  will  equally  facilitate  for  some 
time  the  desiccation  of  the  mines,  without  rendering  steam-engines  necessary. 

By  far  the  richest  portion,  however,  of  the  coal  region,  is  the  north-eastern 
district,  parts  of  which  we  have  described  at  Uspensk  and  Lissitchia-Balka,  and 
which  is  distinguished  by  some  of  the  many  anticlinal  ridges  into  which  this  coal 
tract  has  been  thrown.  The  strata  plunging  to  the  east  and  north  are  lost  beneath 
the  chalk,  and  to  the  south-west  they  pass  beneath  younger  rocks,  including  the 
equivalents  of  the  Zechstein.  It  is,  however,  most  important  to  bear  in  mind,  that 
the  most  productive  portion  yet  known,  is  that  which  is  directly  in  contact  with 
the  cretaceous  rocks,  and  hence  we  may  hope,  that  at  some  future  day,  when  the 
coal  shall  have  been  exhausted  on  its  outcrop  or  in  the  ridge  of  Lissitchia-Balka, 
it  will  be  found  beneath  the  adjacent  chalk  on  the  left  bank  of  the  Donctz,  like  the 
coal  under  the  chalk  at  Valenciennes  :  and  if  so,  we  venture  to  predict,  in  less 
disturbed  positions  than  in  the  anticlinal  ridges  on  the  right  bank  of  that  river, 
which  are  so  instructively  displayed  between  Lugan  and  Lissitchia-Balka. 

We  do  not  lightly  throw  out  this  anticipation.  Our  acquaintance  with  the  phse- 
nomena  in  Russia  and  the  analogies  of  Great  Britain  and  France,  enable  us  to  sup- 
port it.    For  as  the  carbonaceous  matter  increases  in  volume  to  the  north-east, 
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what  is  there,  we  ask,  to  prevent  its  extension  beneath  the  chalk  ?  From  our 
experience  in  coal-fields  (that  of  Dudley  is  a  beautiful  example),  we  know  that 
thick  beds  of  coal  never  disappear  per  mltum,  and  that  when  followed  and  re- 
gained beneath  contiguous  strata  of  more  recent  age,  the  coal  is  often  in  unbroken 
sheets,  and  is  then  of  higher  commercial  value  than  where  it  has  been  thrown  up 
to  the  surface  by  former  convulsions  of  nature.  Without  such  convulsions,  man, 
it  is  true,  might  have  long  remained  ignorant  of  its  existence,  but  with  increased 
knowledge  he  follows  the  coal  from  its  disturbed  outcrop,  and  is  amply  repaid  by 
finding  it  at  lower  depths  and  often  in  great  and  uniform  masses.  Attention  to 
this  simple  rule  cannot  be  too  strongly  impressed  upon  the  minds  of  the  Russian 
authorities. 

If,  however,  the  working  of  these  coal-mines  beneath  the  cretaceous  rocks  is  a 
problem  not  likely  to  be  solved  in  our  day,  we  may,  at  all  events,  suggest  the  safe 
experiment  of  boring  through  the  masses  to  the  west  of  Lissitchia-Balka,  near 
the  spot  where  the  lowest  beds  of  certain  overlying  deposits  have  been  described. 
If  correct  in  our  belief,  that  such  overlying  strata  are  of  the  age  of  the  mag- 
nesian  limestone,  there  is  every  reason  to  conclude,  from  what  we  know  of  the 
general  structure  of  Russia,  that  the  carboniferous  deposits  beneath  them  will 
partake  of  the  same  slight  inclination  \  and  we  need  not  add,  that  if  coal  seams, 
as  productive  as  these  of  Lissitchia-Balka,  were  found  under  such  favourable  cir- 
cumstances and  so  near  to  the  town  of  Bachrauth,  the  discover)'  would  be  most 
important.  The  great  impediment  to  the  steady  working  of  these  coal-fields  is 
their  highly  dislocated  and  contorted  condition,  and  we  therefore  repeat,  that  the 
object  of  the  Administration  of  Mines  should  be  pointedly  directed  to  the  establish- 
ment of  works  wherever  the  beds  are  least  disturbed. 

The  process  of  coal-mining  has,  in  fact,  been  the  same  in  the  more  advanced 
tracts  of  Western  Europe.  In  the  olden  times  of  England  no  one  thought  of 
sinking  for  coal,  except  at  spots  where  the  mineral  cropped  out ;  and  we  can  all 
remember  when  those  geologists  who  recommended  a  search  after  it  by  pene- 
trating the  magnesiau  limestone  (Zechstcin)  were  treated  with  derision,  and  yet 
nearly  half  the  fuel  of  London  is  now  extracted  from  strata  in  that  position  The 
day  may  therefore  come  when  the  old  works  of  Lissitchia-Balka  having  been  ex- 
hausted, the  coal-mines  of  Bachmuth  shall  render  that  town  most  flourishing. 

But  whether  mining  operations  be  confined,  as  at  present,  to  the  country  where 
the  carboniferous  strata  crop  out,  or  hereafter  extended  by  deeper  shafts  to  other 
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contiguous  tracts,  it  is  obvious  that  there  exists  in  this  region  a  quantity  of  coal 
of  good  and  fair  quality,  which,  if  opened  out  with  spirit  and  industry,  will  tho- 
roughly justify  the  anticipation  of  Peter  the  Great,  that  it  would  benefit  his  de- 
scendants. Quantitative  results,  however,  can  only  be  measured  by  succeeding 
ages,  when  it  may  suit  the  interests  of  Russia  to  render  the  country  in  which  the 
coal  and  limestone  abound,  the  seat  of  mines  and  manufactures.  In  the  mean 
time,  though  we  have  no  desire  to  raise  delusive  hopes,  and  though  we  believe 
that  this  region  will  never  be  found  to  contain  the  same  amount  of  mineral  as 
any  one  of  the  productive  tracts  of  Western  Europe  and  America,  wc  are  justified 
in  saying,  that  where  steam-engines  are  not  used  (and  with  the  exception  of  a 
small  one  at  Lissitchia-Balka  they  are  unknown)  any  coal-field  must  be  considered 
in  a  virgin  state  when  compared  with  the  treat  carboniferous  deposits  of  other 
couutries.  In  the  British  Isles,  at  all  events,  we  may  affirm,  that  if  no  coals  were 
extracted,  except  those  which  could  be  procured  without  the  aid  of  steam,  the 
natural  supply  would  sink  at  once  to  a  thousandth  part  of  its  present  extci.t, 
and  with  this  defalcation,  Great  Britain  might  quickly  relapse  into  her  condition 
of  four  centuries  ago,  little  differing  from  that  of  the  tracts  in  Southern  Russia 
which  we  have  been  considering,  and  which  at  present  are  almost  exclusively 
occupied  by  an  agricultural  people. 

Having  now  described  all  the  carboniferous  districts  in  the  central  and  southern 
regions,  we  will  next  give  a  brief  sketch  of  the  deposits  of  this  age  on  the  western 
Hanks  of  the  Ural,  and  then  termiuate  our  account  of  the  Carboniferous  system 
of  Russia  by  a  general  review  of  its  organic  remains. 


Putttrrifit. — After  the  preceding  pages  »  ere  printed. «  e  received  4  copy  of  the  Fourth  Volume  of  the  splendid  work 
of  M.  Anatole  Demidoff.  •  Voyage  dan.  la  Ru*»ie  M.r.dionale.'  which  i*  entirely  devoted  to  the  description  of  the 
Carboniferous  region  of  the  DoneU.  M.  Le  I'lay,  an  eminent  French  engineer,  happily  selected  by  If.  Demidoff  to 
ascertain  the  true  mineral  wealth  of  this  tract,  atid  to  describe,  its  physical  and  geological  structure,  has  produced 
»  work  so  replete  with  well.d:ge*!ed  details,  collected,  not  only  from  observation*  of  the  natural  features  of  the 
ret;ion  and  the  mines  which  have  already  been  commenced  in  it,  but  al«o  by  numerous  borings  carried  on  by  him- 
self or  hu  assistants  during  a  period  of  three  year*,  that  the  Imperial  Government  will  doubtless  feel  grateful  to 
the  accomplished  [xrvio  who  ha*  so  liberally  fostered  these  inquiries. 

In  a  Urge  gealujieal  map.  in  which  the  J^raarca'i  n*  of  the  carboniferous  and  crystalline  rock*,  and  also  of  the 
overlying  Secondary  and  Tertiary  depo-itsarc  given,  M.  Le  Play  ha*  grouped  under  darker  colours,  such  parts  of  the 
tract  as  are  known  to  be  productive  of  coal,  to  distinguish  them  from  those  in  which  the  mineral  has  not  yet 
been  discovered.  This  method.  d«uhtl,-».Iy,  carries  with  it  a  certain  amount  of  information,  but  i*  deficient' in 
•tratigraphical  meaning,  fur  Mime  of  the  beds  mi  marked  are  inhigher  positions  than  others;  in  some  the  coal  is  in- 
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exclusively  prevails,  in  another  bituminous  coal.  By  reference,  however,  to  the  explanation,  and,  above  all,  to  an 
admirable  series  of  tables,  this  defect  is  obviated.  These  tables  are,  in  fact,  perfect  models  for  the  practical  mining 
engineer ;  they  give  at  one  view  the  direction,  inclination,  thickness  and  quality  of  the  coals  at  each  locality,  also  the 
characters  of  the  associated  strata,  as  well  as  the  state  of  the  works,  and  their  produce  at  each  mine  or  spot  of  trial. 
To  these  is  added  another  set  of  tables,  in  which  the  chemical  analysis  of  the  coals  from  forty-three  different  places 
is  given  by  M.  Malivaud,  anothrr  agent  of  M.  DrmidulT. 

Into  such  details,  valuable  as  they  are,  it  was  not  our  province  to  enter,  and  we  will  now,  therefore,  merely  offer 
a  few  remarks  explanatory  of  those  points  in  which  our  geological  conclusions  either  agree  or  are  at  variance  with 
those  of  M.  Le  Play. 

We  have  stated  that  the  fossils  which  he  had  brought  to  France,  and  which  we  inspected  before  our  jour- 
neys to  Russia  (18-40),  first  led  us  to  believe,  that  the  coal  beds  are  chiefly  subordinate  to  the  carboniferous 
limestone.  Of  this,  indeed,  there  could  be  no  duubt,  for  the  species  were,  to  a  great  extent,  the  very  same  as 
those  with  which  we  were  familiar  in  rocks  of  that  age  in  Western  Europe.  On  interrogating  M.  Le  Play, 
however,  we  could  not  ascertain  that  lie  had  arrived  at  any  defined  idea  of  a  succession  of  strata,  derived  either 
from  the  stratigraphicai  order  of  mineral  masses,  or  from  their  imbedded  organic  remains.  In  fact,  he  then 
distinctly  acquainted  us  with  what  has  now  appeared  in  his  work,  that,  owing  to  the  disturbed  and  convoluted 
condition  of  the  strata,  the  want  of  persistency  of  mineral  characters,  and  the  apparent  existence  of  similar  species 
of  shells  throughout  the  series,  it  was  impracticable  to  assign  a  base  line  to  the  deposits,  or  to  trace  their 
uppermost  limits,  still  less  a  passage  into  any  superior  formation.  Now  as  we  have  ventured  to  effect  these  objects, 
we  will  here  briefly  state  why  we  conceive  M.  Le  Play  did  not  arrive  at  similar  results,  although  he  had  in  his  own 
hands  some  means  of  proof,  which,  through  the  hurried  nature  of  our  visit,  we  never  obtained. 

No  geologist,  however  practised,  can,  we  venture  to  say,  explain  the  structure  of  a  part  of  a  complicated  distant 
country,  unless  he  has  made  himself  master  in  undisturbed  tracts,  of  the  succession  of  its  normal  formations. 
Long  as  we  have  been  occupied  in  the  study  of  the  Pabeozoic  rocks,  we  are  confident,  that  had  we  been  thrown 
suddenly  into  the  chain  of  the  Donctz,  and  had  been  desired  at  once  to  unravel  its  complexity,  we  should  have 
reached  no  other  geological  result  than  that  of  M.  Le  Play.  We  had,  however,  by  two  years  of  extensive  compa- 
rative rewarrhra,  obtained  an  intimate  acquaintance,  not  only  with  the  older  Pala-oioic  rocks  of  Russia  generally, 
but  in  reference  to  the  Carboniferous  system,  had  convinced  ourselves,  that  throughout  the  enormous  area  over 
which  we  had  traced  it,  the  upper  or  great  coal  formation  of  Western  Europe  was  absent,  and  that  the  calcareous 
or  lower  group,  occupying  the  whole  carboniferous  horizon,  was  by  help  of  certain  fossils  divisible  into  three  stages. 
Again,  we  had  ascertained  by  numerous  sections  on  both  flanks  of  the  Ural  Mountains,  that,  in  becoming  part  of 
a  mountain  mass,  this  system,  so  uniform  and  so  peculiar  over  so  vast  a  space,  there  put  on  many  of  its  ordinary 
features  so  well  known  to  those  who  have  studied  the  carboniferous  limestone  only  in  the  western  parts  of  Europe. 

We  further  learnt,  that,  in  the  absence  of  any  deposits  to  represent  our  coal-fields,  the  Carboniferous  system 
was  there  succeeded,  in  ascending  order,  by  a  vast  series  of  red  and  cupriferous  deposits  to  which  we  have  assigned 
the  name  of  Permian.  It  will  not,  therefore,  be  arrogant  on  our  part  to  »ay,  that  we  entered  upon  the  examina- 
tion of  the  territory  of  the  Donctz  possessed  of  elements  of  roinpnrison  which  no  previous  travellers  had  acquired. 

Our  task  was,  therefore,  less  difficult.  Knowing  from  the  maps  and  instructions  furnished  to  us  by  the  Admi- 
nistration of  Mines,  that  the  major  axis  of  this  tract  and  the  main  direction  of  the  strata  trend  from  west- 
north-west  to  east-south-east,  we  resolved,  after  terminating  our  researches  in  Southern  Russia,  to  examine  the 
chain  of  the  DoneU  in  parallel  lines,  transverse  to  its  general  strike,  and,  by  carrying  out  this  scheme,  we  arrived 
at  the  conclusion,  that  the  oldest  member  of  the  series  occupies  itii  southern  frontier,  and  that  after  a  multitude  nf 
flexures  the  central  strata  dip  under  the  upper  Fu9ulina  limestone,  the  whole  group  being  surmounted  in  the 
valley  of  Bachmuth  by  the  equivalents  of  the  Permian  system. 

Our  readers  will  have  seen  how  much  importance  we  attach  to  the  presence  of  the  large  Prvdufliu  yiganlrtu  as 
uniformly  characterizing  (over  vast  regions  in  Russia)  the  lowest  beds  of  the  carboniferous  limestone,  and  we  were 
aware,  as  before  stated,  that  M.  Le  Play  had  collected  this  fossil  in  the  chain  of  the  Donctz.  though  the  exact  loca- 
lity  was  unknown  to  us.    We  were,  indeed,  assured  by  Colonel  Olivieri,  that  he  had  found  this  species  in  the  great 
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i  we  did  not  ourselves  detect  it ;  and  reasoning  upon  this  fact  together  with 
evidence*  of  an  ascending  order  from  south  to  north,  and  by  acquiring  proofs,  unknown  to  previous  geolngi»U,  of 
the  existence  of  upper  members  of  the  series  charged  with  Fuauline,  we  completed  our  section  by  expressing  our 
Selief  in  the  passage  of  the  higher  carboniferous  deposits  into  the  Permian  rocks. 

We  now  learn  from  M.  Le  Play,  that  the  Product**  giganlnu,  of  which  he  collected  many  individuals,  occurs 
i  on  the  Lower  Donetz,  in  the  southern  part  of  the  region,  and  he  thus  completely  confirms  our  idea  of 
section  from  south  to  north.  Though  at  one  time  at  a  short  distance  from  that  spot,  we  unluckily 
did  not  visit  it,  but  M.  Le  Play's  faithful  detailed  sections  are  quite  sufficient  for  our  purpose  ;  for  after  describing 
the  limestone  as  massive  and  important,  he  sayB,  that  the  mineral  associations  with  it  are  diffrmt  from  those 
limestones  on  Me  north,  ia  tchieh  mamy  ssorr  seams  of  real  occur  than  in  the  strata  of  the  Lower  Donetz. 

In  fact,  the  examination  of  the  carboniferous  region  of  the  DoneU  is  one  of  the  most  striking  examples  which  can 
he  adduced,  of  the  paramount  importance  to  the  practical  miner,  of  the  close  study  of  organic  remains  in  reference  to 
the  normal  positions  of  the  strata  ;  for  throughout  deep  sections  in  the  northern  part  of  this  territory,  there  is 
not  a  trace  of  the  great  Productus,  whilst  all  the  fossils  of  the  middle  and  upper  strata  are  present.  Any  one, 
therefore,  who  bad  felt  as  confident  as  wc  do,  that  this  remarkable  fossil  was  an  clear  an  indication  of  a  lower  band 
as  the  Spirifer  Motoumii  and  Kusulinar  were  of  an  upper,  could  not  have  doubted  of  the  general  relations  and 
order  of  the  strata  iu  the  chain  of  the  Donetz. 

Nay  more,  the  evidence  now  so  clearly  laid  before  us  by  M.  Le  Play,  in  substantiating  the  value  of  our  strati- 
graphical  tables,  enable*  us  also  to  speculate  upon  a  parallel  between  the  lowest  anthracitic  beds  of  this  territory 
and  the  lower  coal  of  the  Valdai  Hills,  Tula  and  Kaluga  (p.  71  rttn/.).  In  the  south-eastern  limb  of  the  country  of 
the  Donetz.  the  beds  of  anthracite  and  hard  sandstone  and  schist  which  have  a  prevailing  northerly  dip,  may 
fairly  be  supposed  to  rise  out.  like  the  thin  coal  of  the  Valdai,  from  beneath  the  limestone  with  great  Producti. 
whilst  the  proximity  of  the  crystalline  axis  of  the  southern  steppes  may  well  account  for  the  indurated  and  meta- 
mnrphic  character  of  strata  which  we  have  described  under  such  a  very  different  lithological  aspect  in  the  Valdai 
Hills  and  in  the  governments  of  Tula  and  Kaluga,  where  they  occur  almost  in  their  original  condition  of  sand 
and  clay,  and  are  far  removed  from  the  influence  of  all  intrusive  rocks. 

Agreeing  in  the  correctness  of  the  general  parallel  which  M.  Le  Play  has  drawn  between  the  carbonife- 
rous deposits  of  the  Donetz  and  the  carboniferous  limestone  of  Great  Hi  Hum,  Belgium  and  France,  we  do  not 
believe  that  beyond  this  point  his  comparisons  can  be  sustained.  The  carboniferous  deposits,  "  terrain  houiller," 
for  example,  of  the  Low  Countries  and  of  Dus»cldorf,  with  which  we  are  well  acquainted,  do  not  offer,  as  he  sup. 
poses,  an  analogy  to  those  of  the  Donetz  ;  for  in  the  Rhenish  provinces  coal-seams  arc  in  no  instance  interstratified 
with  the  Mountain  Limestone  series  of  English  geologists,  but  are  invariably  superposed  to  such  rocks.  Again,  in 
these  Prussian  and  Belgian  districts,  the  mountain  limestone  with  sands  and  shale,  but  void  of  coal,  repose*  on  an 
elaborate  succession  of  Devonian  and  Silurian  rocks,  loaded  with  typical  fossils ;  whilst  the  group  of  the  Donetz, 
unlike  that  of  the  north  of  Russia,  is  exclusively  carboniferous  to  its  base,  and  rests  at  once  on  very  ancient  cry- 
stalline rocks,  or  uhuts  against  porphyries  and  other  eruptive  masse*. 

And  even  if  we  admit  that  there  is  to  »ome  extent  an  analogy  between  the  carboniferous  rocks  of  South  Russia 
and  the  Low  Countries,  in  both  being  overlaid  by  cretaceous  deposits,  we  must  also  not  omit  to  recognize,  in 
the  one  case,  the  presence  of  intermediate  strata  of  the  age  of  the  Zechstein.  and  in  the  other  the  total  absence 
of  that  deposit. 

The  true  foreign  analogy,  therefore,  of  the  coal  strata  of  the  Donetz,  considered  in  reference  to  other  deposits 
of  the  same  age.  is  to  be  found  in  the  north-western  or  Lake  districts  of  England,  where  some  seams  of  coal 
lie  below  and  oilier*  are  interatratitied  with  the  mountain  limestone  series  and  its  sandstone*  and  shales. 
The  coal-field  of  Berwickshire,  or  that  below  the  mountain  limestone,  is  much  richer  in  contents  than  the  south- 
eastern portion  of  the  tract  of  the  Donetz,  which  we  believe  to  be  on  the  same  parallel ;  whilst  in  identifying 
the  rest  of  the  succession,  or  the  great  mass  of  the  Donetz.  with  that  of  the  Mountain  Limestone  group  of 
Northumberland  and  the  Yorkshire  dales,  the  comparison,  as  to  amount  of  produce,  is  largely  in  favour  of  the 
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To  considerations  of  theoretical  importance  concerning  the  changes  which  the  surface  of  Southern  Russia  has 
undergone,  and  which  are  ably  put  forth  hy  M.  U-  Play,  we  shall  not  at  present  advert,  reserving  our  view*  on 
these  points  for  the  concluding  chapters  of  our  work,  when  all  the  element*  which  we  can  bring  togrthrr  shall 
have  been  laid  before  our  readers,  to  enable  them  to  see  the  grounds  upon  which  we  come  to  our  conclusions. 

For  the  present,  then,  we  take  leave  of  this  volume  of  M.  he  Play,  which,  though  it  contains  view*  from 
which  wc  differ,  wr  regnrd  as  an  important  addition  to  the  records  of  physical  science,  and  as  posscwing  infi. 
nitely  more  the  character  of  a  good  monographic  description  of  one  tract,  than  anything  which,  from  the  extensive 
nature  of  our  researches,  we  are  enabled  to  offer.— Frlmary  15,  1843. 
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CARBONIFEROUS  ROCKS  ON  THE  WESTERN  FLANK  OF  THE 

URAL  MOUNTAINS. 

Section  on  the  banks  of  the  river  Tchussovaya,  showing  a  passage  from  Carboniferous 
Limestone,  through  Millstone-grit  and  Coal  to  overlying  Conglomerate,  Calcareous 
Grits,  S.T. — Section  from  Nijni-Serginsk  to  Sarana,  exhibiting  Goniatite  Grits 
overlying  Carboniferous  Limestone. — Bands  of  Carboniferous  Limestone  near  Sterli- 
tamak. — Prolongation  of  Caiboniferous  Limestone  along  the  South  Ural  and  as- 
cending Section  from  it  through  Goniatite  Flags  and  Grits  into  Permian  Deposits. 
— Review  of  the  Organic  Remains  of  the  Carboniferous  System. 

HAVING  detailed  the  succession  of  the  Carboniferous  strata  in  the  northern  and 
central  parts  of  Russia,  it  might  appear  desirable  to  pass  at  once  to  the  considera- 
tion of  the  next  group  in  the  ascending  series.  Believing,  however,  that  the  region 
to  which  we  now  call  attention,  contains  within  it  certain  peculiar  upper  beds  of 
the  Carboniferous  epoch,  not  seen  in  other  parts  of  Russia,  we  think  that  by  de- 
scribing them,  we  shall  best  convey  a  clear  idea  of  the  transition  to  the  superior 
deposits  or  Permian  rocks,  the  history  of  which  is  to  occupy  the  two  following 
chapters. 

In  a  subsequent  sketch  of  the  Ural  Mountains  the  carboniferous  rocks  will  again 
come  frequently  under  consideration,  both  as  respects  their  relations  to  the  lower 
formations,  and  the  lithological  changes  they  have  undergone  by  plutonic  action. 
Our  present  purpose  is  briefly  to  explain  their  structure  and  position  in  the  country 
composed  of  the  hilly  grounds  to  the  west  of  the  Ural  ridge,  and  to  show  how  tliey 
dip  under  and  are  connected  with  the  next  overlying  or  Permian  deposits. 

By  looking  over  the  Map  the  reader  will  perceive,  that  towards  the  central 
portion  of  the  Ural,  the  carboniferous  limestone  is  divided  for  a  considerable 
distance  into  two  bands,  one  of  which  (the  eastern  or  main  zone)  follows  the  sinu- 
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osities  of  the  older  rocks  on  which  it  rests.  The  outer  zone  is,  in  fact,  the  indica- 
tion at  the  surface,  of  a  line  of  upheaval  parallel  to  the  Ural  chain,  and  as  we 
shall  revert  to  this  subject  hereafter,  it  is  sufficient  now  to  state,  that  as  far  as  our 
own  observations  went,  this  band,  running  for  the  most  part  in  a  tract  of  little 
elevation,  and  much  obscured  by  local  detritus,  seldom  exhibits  its  relations  to 
the  superior  deposits.  We  therefore  commence  our  account  of  the  carboniferous 
rocks  of  this  region  by  describing  the  limestone  on  the  west  flank  of  the  North 
Ural,  where  it  forms  one  band  only,  as  exposed  on  the  banks  of  the  Tchussovaya, 
a  tributary  of  the  Kama,  and  where  it  dips  under  deposits  differing  considerably 
from  any  which  we  have  described  in  other  parts  of  Russia. 

Section  of  the  Tchussoraya. — Carboniferous  Limestone,  Millstone  Grit,  Coal,  Cal- 
ciferous  Grit,  Flags,  and  Conglomerate  (3  and  3'  of  Map). — The  lowest  member  of 
the  system,  restiug  upon  and  passing  conformably  downwards  into  the  Devonian 
rocks,  is  exhibited  most  distinctly,  in  several  grand  flexures  on  the  banks  of  the 
Tchussovaya,  to  the  east  of  its  tributary  the  Coiva.  It  is  there  a  light  grey, 
crystalline,  compact  limestone  of  very  great  thickness,  much  resembling  the  great 
Scar  limestone  of  the  north  of  England,  or  the  equivalents  of  that  rock  in  the 
Bristol  and  South  Welsh  coal-fields,  and  is  charged  with  large  Producti  and  many 
characteristic  fossils. 

A  few  versts  to  the  west  of  Kinofsk1,  the  lowest  beds  of  this  limestone,  or  those 
in  contact  with  the  Devonian  rocks  on  which  that  Zavod  is  situated,  consist  of 
great  masses  of  amorphous  structure,  in  some  places  forming  troughs,  in  others 
rising  up  into  precipitous  peaks,  the  beds  in  which  are  occasionally  vertical.  These 
limestones  are  distinguished  by  containing  many  concretions  of  flint  and  chert, 
and  at  one  spot,  called  Moultic,  we  collected  the  Productus  giganteus,  P.  comoides, 
and  other  fossils  characteristic  of  the  lower  strata. 

No  description  of  the  geologist,  still  less  a  mere  sectional  drawing,  can  convey 
an  adequate  idea  of  the  contortions  and  pictorial  beauty  of  these  wild  gorges.  The 
flexures  on  the  Meusc  may,  in  some  respects,  be  compared  with  them,  but  the 
channel  of  the  Tchussovaya  being  narrower,  the  rocks  more  rugged  and  diversified 
with  foliage,  and  the  defiles  highly  intricate,  the  Russian  scene  appeared  to  us  to 
be  more  striking  than  that  in  Belgium  •. 

1  The  property  of  Count  G.  A.  Strogonoff. 

*  We  very  much  regret  that  since  our  return  to  England,  certain  ultetches  of  there  gorge*  have  been 
lost,  or  we  should  certainly  have  given  lithographic  illustrations  of  this  grand  scene  of  contortion,  in 
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After  various  grand  undulations,  in  which  limestone,  sometimes  dolomitic,  con- 
stitutes three-fourths  of  the  river  dirt's  (schists  and  quartzosc  grit  heing  rarely- 
seen),  the  uppermost  portion  of  the  formation  is  admirably  exposed  in  rocks  on 
the  right  bank  of  the  river,  a  little  to  the  east  of  Ust-Coiva.  The  strata  arc  there 
exhibited  in  beds  inclined  to  the  west  at  an  angle  of  70°,  and  by  pacing  across 
them,  as  far  as  they  were  visible,  we  estimated  the  thickness  of  this  one  member 
of  the  limestone  to  be  not  less  than  1000  feet  («  to  b  of  section  beneath). 

Some  of  these  beds  are  of  light  grey,  others  of  brown  colour  ;  their  fracture  is 
conchoidal,  and  they  contain  among  other  fossils  the  Spiri/er  MoMVCMtt,  which 
unquestionably  refers  them  to  the  same  age  as  the  white  limestone  of  Moscow. 

The  woodcut  which  is  here  annexed  will  give  the  reader  an  idea  of  the  manner 
in  which  these  limestones  subside  under  hard  quartzose  sandstones,  and  after- 
wards emerge  in  anticlinal  flexures,  to  the  west  of  Ust-Coiva. 


21. 

W.  Grit.  I  «.(•..!»«.  fMoiiiilf.  »:. 


Airb  uf  lintrat. mr.  Tmugh  «i  era.  tunnt  fiwiU     l.im*-»li-«K.  highly  incUliot  t*nj  rvobjftril. 


At  the  spot  where  it  dips  under  the  grit,  the  limestone  is  in  the  condition  of  a 
yellow  decomposing  dolomite. 

Millstone  Grit  and  Coal—  The  rock  which  immediately  surmounts  the  limestone, 
on  the  Tchussovaya,  is  a  hard  siliceous  sandstone,  occasionally  coarse-grained, 
which  is  i indistinguishable  from  certain  varieties  of  the  millstone  grit  of  English 
geologists,  and  is  actually  worked  for  millstones.  This  grit  occupies  the  higher 
grounds  or  plateaus  where  the  limestone  has  not  been  raised  to  the  surface,  and 
is  seen  in  several  troughs  on  the  banks  of  the  Tchussovaya,  to  the  west  of  Ust- 
Coiva.  It  is  of  considerahle  dimensions,  and  when  followed  to  the  west  is  found 
to  contain  impressions  of  carboniferous  plants. 

At  about  twelve  vcrsts  east  of  the  village  of  Kalino,  and  on  the  property  of  the 
Princess  Butera,  beds  of  coal  have  been  found  subordinate  to  this  formation.  Two 
galleries  have  been  driven  into  the  rock  at  different  levels.  In  the  lowest  of  these 
works,  the  strata  were  found  to  plunge  4(f  to  the  west-north-west,  a  bed  of  coal  of 

which  the  rocks  are  beautifully  decked  with  northern  forest  trees  and  many  flowering  plants,  Cypriprdium 
ralefolm,  Orchi*,  Slachyf,  Vicia,  &c.  Caverns  are  not  unfrequent,  and  as  usual  in  moat  countries 
bordering  on  Siberia,  several  of  these  arc  colled  the  caves  of  Vermac,  and  in  which  the  Cossack  con- 
queror of  the  Siberian  Tatars  U  supposed  to  have  been  concealed,  after  his  early  disasters. 
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middling  quality  being  covered  by  yellowish  grey,  arenaceous  shale  and  white  sili- 
ceous grit.  The  upper  gallery  showed  the  strata  to  be  inclined  25°  to  the  north- 
east, with  coal  of  good  quality  and  of  about  three  feet  in  thickness,  intercalated 
between  two  bands  of  siliceous  grit,  the  whole  covered  by  shale  and  impure  coal. 
The  beds  of  coal  which  are  known  to  crop  out  on  the  river  Kosva  in  the  property 
of  Prince  Lazaref,  belong  exactly  to  the  same  place  in  the  series,  and  we  have  little 
doubt,  that  all  the  coal  which  has  been  spoken  of  as  existing  along  the  western 
flank  of  the  North  Ural,  occurs  in  this  member  of  the  system.  There  is,  indeed, 
in  these  gorges  so  clear  and  complete  an  exposition  of  all  the  beds  of  the  carboni- 
ferous or  mountain  limestone,  properly  so  called,  from  its  junction  with  inferior 
Devonian  rocks  to  its  dip  beneath  the  millstone  grit,  that  we  are  assured  beyond 
the  possibility  of  doubt,  that  in  this  eastern  region,  coal  is  never  found  subordinate 
to  or  below  the  limestone,  as  in  the  other  parts  of  Russia  which  we  have  described. 
England,  indeed,  afl'ords  within  itself  parallels  to  all  these  Russian  examples  and 
many  additional  cases.  Her  greatest  coal-fields,  for  example,  are  all  superior  to 
the  millstone  grit,  which  in  Yorkshire,  however,  does  contain  workable  seams  of 
coal,  whilst  Northumberland  and  Berwickshire  contain  numerous  bands  of  good 
coal,  both  in  the  carboniferous  limestone  and  inferior  to  it. 

Goniatite  Grits. — The  limestone  and  millstone  grit  of  the  Tchussovaya  above 
described,  are  succeeded  to  the  west  by  coarser  grits  of  greenish-grey  and  yel- 
lowish colours,  and  which,  where  we  observed  them,  are  as  little  inclined  as  the 
great  Permian  deposits  which  flank  them  on  the  west.  At  the  mouth  of  the  Usva, 
below  Kalino,  they  appear  in  the  form  of  coarse  conglomerates.  Still  further  to 
the  west,  near  Gorodok,  are  deep  pits  which  formerly  furnished  salt,  and  in  a  sec- 
tion of  about  200  feet  in  thickness  we  observed  the  following  order  of  beds  :— 

Feet. 

Conglomerate  of  rounded  siliceous  pebble*,  imbedded  in  grey  grit   IS 

Grit    40 

Sandstone,  6nely  laminated,  with  bluish  ahale  and  plants,  chiefly  Calamitea. 

one  of  which  resembles  C  rrmatiu.  another  C.  caita^/ormu  (Brong.)    8 

Greyish  grit,  in  strong  bands,  yellowish  at  the  surface    10 

White  and  yellow  shale  (marl),  alternating  with  thin  beds  of  grit   10 

Grits,  etc.,  resembling  4  and  5    5 

Beds  resembling  No.  5    4 

Calcareous  grit,  with  calc-spar    3 

Grit,  like  No.  4    .............. ...........    10 

Marly  sliat*',  like  Nu.  5  *........■  ••  10 

Dark-coloured  f«etid  limestone,  with  •chi.toac  grit   20 

Blackish  schist,  somewhat  marly    50 

82 
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Though  these  beds  are  apparently  horizontal  when  viewed  in  one  section,  they  are, 
in  fact,  subject  to  considerable  undulations,  as  may  be  seen  about  three  versts 
from  Gorodok,  where  they  rise  into  a  dome. 

The  same  formation  of  grey  grit  (often  a  calcareous,  yellow  sandstone,  with  some 
shale  and  pebbly  conglomerate)  occurs  on  the  sides  of  the  high  road  from  Kongur 
to  Ekaterinburg.  Flagstones  and  yellow  sandstones  with  shale  are  seen  near  Yel- 
lim,  where  there  are  many  impressions  of  plants,  among  others  the  Calamites 
remotus  (Brong.).  Between  the  post-stations  of  Bisserskaya  and  Klinova,  the 
sandstones  are  succeeded  by  conglomerates  composed  of  pebbles  of  quartz,  felspar, 
and  Lydian  stone,  with  fragments  of  ancient  fossiliferous  limestone  in  a  base  of 
calciferous  grit.  These  beds  repose  upon  the  same  series  of  siliceous  sandstone 
and  carboniferous  limestone  which  has  been  described  upon  the  Tchussovaya. 
In  fact,  the  overlying  calcareous  grits  and  conglomerates  of  which  we  are  now 
speaking,  are  all  members  of  the  same  group,  which  here  occupies  a  wide  and 
undulating  trough,  having  the  carboniferous  limestone  on  either  flank. 

It  is  by  following  these  strata  to  the  south,  viz.  to  the  banks  of  the  river  Ufa 
and  its  tributaries,  that  we  are  best  enabled  to  test  their  precise  age,  by  finding 
them  charged  with  characteristic  fossils. 

Section  from  the  flank  of  the  Ural  at  Nijni  Serginsk  to  Sarana. — The  traveller 
who  follows  our  course,  and  descending  from  the  western  flanks  of  the  Ural  by 
Nijni  Serginsk,  directs  his  course  towards  Artinsk,  traverses  in  the  first  instance 
a  calcareous  country  of  obscure  relations.  He  will  find  one  band  of  limestone 
(the  red  colour  and  No.  2.  of  our  Map),  charged  with  Devonian  and  Eifel  fossils, 
thrown  into  reversed  positions,  like  others  to  which  we  shall  advert  in  our  de- 
scription of  the  Ural  Mountains,  whereby  the  younger  beds  are,  in  fact,  bent 
under  those  of  more  ancient  date, — a  common  phenomenon  on  the  flank  of 
eruptive  chains.  Leaving  these  picturesque  Devonian  limestones  at  the  Zavod  of 
Michaelofsk  and  crossing  the  Ufa,  a  band  of  crystalline  carboniferous  limestone 
is  seen,  and  immediately  above  it  are  horizontal  beds  of  a  grit  similar  to  that  which 
has  been  described.  We  would  here,  however,  observe  that  this  tract  is  replete 
with  rocks  of  intrusive  character,  and  that  sandstones,  which  we  believe  to  be  of 
the  same  age  as  the  millstone  grit  before  described,  appear  near  Nijni  Serginsk  in 
the  form  of  altered  quartzose  rocks,  which  will  be  described  in  the  sequel.  The 
overlying  calcareous  grit  is  highly  fossiliferous,  and  contains  Producti  and  corals. 
Occasionally,  indeed,  it  passes  into  a  very  coarse  conglomerate,  made  up  of  sili- 
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ceouB  schist  and  black  and  white  quartz,  but  sometimes  containing  fragments 
of  the  older  Silurian  and  Devonian  limestones  with  Pentaraeri  and  other  fossils. 
This  fossiliferous  grit,  generally  known  in  Russia  as  the  "  Gres  d'Artinsk,"  occu- 
pies a  large  surface  of  country :  usually  covered  by  verdure  and  little  excavated, 
it  is  seldom  exposed  in  good  and  deep  sections.  Upon  the  Ufa,  however,  ten 
versts  from  Artinsk,  we  met  with  a  quarry  which  furnished  us  with  four  new  spe- 
cies of  Goniatites.  One  of  these  is  very  closely  allied  to  known  forms  of  the  Carbo- 
niferous system,  and  holds  a  place  intermediate  between  the  Goniatites  striatum 
(Sow.)  and  the  G.  Listeri  (Sow.),  combining  the  ornaments  of  the  shelly  covering 
of  the  former  with  the  general  outline  of  the  latter.  These  Goniatites  are,  indeed, 
associated  with  unquestionable  carboniferous  fossils,  one  of  which  is  the  Nautilus 
tuberculatum  (Phill.),  fragrneuts  of  Orthoceratites,  &c,  and  thus  all  doubt  concern- 
ing the  age  of  the  beds  is  removed. 

The  bands  of  grit  in  this  quarry  are  of  yellowish,  brown  and  grey  colours,  from 
one  to  four  feet  thick,  and  are  separated  from  each  other  and  surmounted  by  shale. 
The  grit  is  both  fine  and  coarse-grained,  and  occasionally  passes  into  a  conglo- 
merate, the  whole  having  here  a  thickness  of  100  feet.  A  quantity  of  plants, 
which  we  believe  to  belong  to  Lepidodendron  and  Calamites,  but  of  which  we  regret 
not  to  have  brought  away  good  specimens,  are  interlaced  with  the  Goniatites  and 
other  shells,  among  which  is  a  small  Orthoceratite.  The  most  curious  of  the  vege- 
table remains  are  numerous  small  fruits  about  the  size  of  a  large  nut1. 

In  continuing  the  section  to  the  west  of  Artinsk,  the  same  group  of  beds  is  pro- 
longed to  near  the  Zavod  of  Sarana,  where  a  hill  at  least  500  feet  high,  is  com- 
posed of  strata  of  carboniferous  limestone,  which  rise  out  at  a  sharp  angle  from 
beneath  the  basin  of  calciferous  grit  and  conglomerate  we  have  just  described. 

Let  us  for  the  present  pass  over  the  phaenomenon  of  the  unconformability  of  the 
Goniatite  grit  in  this  tract  to  the  carboniferous  limestone,  due  doubtless  to  local 
dislocation,  since  we  shall  adduce  an  example  of  complete  conformability  on  the 
flanks  of  the  South  Ural.  It  is  sufficient  for  our  present  purpose  to  point  out,  that 
this  rock  clearly  overlies  the  limestone  and  millstone  grit,  and  that  by  their  fossil 
contents,  all  these  deposits  must  be  grouped  in  the  same  system  The  carboni- 
ferous limestone  on  the  banks  of  the  Ufa  (we  are  now  speaking  of  the  western 

1  Some  of  these  nut-likc  remain*  of  plants  were  brought  away.  They  resemble  certain  fossil  fruits 
which  we  have  ninre  obtained  through  Mr.  J.  Walker  of  Calderstone  Hou»e,  near  Liveqiool,  from  the 
gritty  sandstone  of  Wiekcrslcy,  cast  of  Rotherhom,  and  near  the  junction  of  the  coal  measures  with  the 
overlying  red  sandstone  and  magnetiun  limestone. 
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band  before  alluded  to)  occupies  cliffs  400  feet  in  height,  and  is  rilled  with  Spirifer 
Mosquensis,  Productus  aniiauatus,  aud  P.  concinnus. 

Carboniferous  Limestone  near  Sterlitamak. — The  inner  and  outer  zones  of  carboni- 
ferous limestone  which  we  have  sketched,  are  probably  confluent  a  little  to  the 
south  of  Ust  Simsk.  Our  survey,  however,  of  the  western  flanks  of  the  Ural  was 
not  sufficiently  detailed,  to  enable  us  to  ascertain  this  point  precisely,  nor  yet  to 
trace  a  continuous  zone  of  Goniatite  grits  and  flags,  to  the  west  of  the  outer  band  of 
limestone.  In  emerging  from  the  Ural,  by  a  traverse  from  Urinsk  to  Ufa,  we  found 
ourselves  suddenly  in  a  low,  obscure  tract  occupied  by  red  deposits.  In  quitting 
the  chain,  however,  by  another  parallel  traverse  from  Verch-UraUk  to  Stcrlitamak, 
the  same  carboniferous  limestone  is  again  seen  to  range  upon  two  lines  from  north  to 
south,  inclosing  betweeu  them  a  small  trough  of  Permian  deposits,  composed  of 
gypsum,  limestone,  red  marl,  &c.  The  innermost  of  these  bands  forms  the  boundary 
of  the  mountainous  region,  being  a  calcareous  fringe  which  hangs  upon  the  red 
conglomerates  and  older  rocks  of  Devonian  and  Silurian  age.  Whatever  inver- 
sions and  contortions  may  be  seen  in  the  Northern  Ural,  wc  here  distinctly  per- 
ceive the  lower  beds  of  the  carboniferous  limestone,  with  Productus  striatus  and 
other  fossils,  reposing  upon  a  quartzose  series  of  beds  of  reddish  colour,  spotted 
with  green,  and  in  many  parts  much  resembling  the  Old  Red  Sandstone  of  Scot- 
land ;  like  which  it  contains  pebbles,  and  is  in  parts  a  conglomerate.  These  rela- 
tions are  seen  on  the  western  flanks  of  Akritau,  as  is  expressed  in  the  coloured 
transverse  section  from  the  Ural  to  the  west  (PI.  IK  fig.  I.).  In  their  range  to  the 
east,  or  among  the  mountains,  these  calcareous  beds  are  subject  to  many  dislo- 
cations, but  where  they  terminate  by  a  great  fault  against  the  low  country  watered 
by  the  rivulet  Ziganofka,  they  are  in  almost  horizontal  positions.  In  these  cliffs 
the  limestone  is  both  of  light  grey  and  black  colours,  with  white  veins,  is  often 
flaglikc  and  fissile,  with  numerous  thin  courses  of  black  flint,  and  contains  the 
Spirifer  Mosqutnsis  and  many  carboniferous  fossils. 

The  outer  zone  of  limestone  which  rises  from  beneath  the  trough  of  Permian 
rocks,  running  nearly  from  north  to  south,  and  close  along  the  left  bank  of 
the  river  Bielaya,  is  marked  by  four  subcorneal  hills,  which  appear  like  volcanic 
elevations  in  the  flat  district,  in  which  they  are  protruded  to  the  surface.  The  hill 
of  Tehekatau,  immediately  to  the  east  of  Sterlitamak  and  the  third  of  the  peaks 
counting  from  the  north,  may  be  described  as  a  good  example  of  the  ridge.  It 
is  a  rugged,  bare  rock  of  some  height,  with  a  double  top,  which  rising  abruptly 
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from  the  banks  of  the  Bielaya  and  its  tributary  the  Salaust,  is  exposed  in  a  most  in- 
structive anticlinal  form,  the  strata  dipping  sharply  to  the  east  and  west.  To 
the  east  they  plunge  at  a  moderate  angle  beneath  other  flaggy  limestones  with 
gypsum  ;  whilst  to  the  east  the  beds  are  almost  vertical,  and  terminate  in  a  great 
fault  or  depression,  in  which  the  Bielaya  runs  from  north  to  south  (see  coloured 
section,  PI.  IK  fig.  1.). 

The  limestone  is  of  light  grey  and  brownish  colours,  and  is  in  part  a  mass  of 
shells.  Among  these  we  identified  Productus  antiquatus,  P.  lobatus,  P.  punctatun, 
P.  spinulosm  (Sow.),  Spirifer  Uneatus  (Sow.),  P.  quadriradiatus  (nob.),  Leptanu 
sarcinulata  (Hiipsch.),  Terebratula  pleurodon,  Orthin  Mickelini,  O.  arachnoidea,  Or- 
thoceratites,  and  the  little  Trilobite  of  the  Valdai  Hills,  Oturion  Eichiraldii.  On 
the  whole,  the  beds  which  are  exposed,  may  be  of  rather  younger  age  than  those 
to  which  we  have  just  alluded,  as  occupying  the  western  flank  of  the  mountains, 
but  there  arc  no  traces  of  the  overlying  Gonialite  grits. 

To  the  south  of  the  parallel  of  Sterlitamak,  the  outer  zone  of  carboniferous  lime- 
stone soon  subsides,  but  the  direction  of  an  anticlinal  line  is  continued  far  to 
the  south  of  Orenburg,  as  will  be  hereafter  explained,  in  describing  the  Permian 
rocks  at  Grebini,  &c. 

We  did  not  follow  the  inner  carboniferous  zone,  which  is  marked  upon  the  Map, 
as  continuous  from  the  south-east  of  Sterlitamak  to  the  gorges  of  the  Bielaya, 
where  that  river  escapes  from  cast  to  west ;  but  if  the  ridges  be  continuous  from 
north-north-east  to  south-south-west,  it  is  evident  that  the  strike  of  the  strata 
must  be  very  oblique  to  the  course  of  the  hills, — a  phenomenon,  indeed,  by  uo 
means  peculiar.  To  the  south,  however,  of  the  Bielaya,  the  carboniferous  lime- 
stone occupies  a  number  of  small  ridges  parallel  to  each  other,  and  all  trending 
from  north  to  south,  as  beautifully  and  correctly  expressed  in  a  MS.  map  presented 
to  us  by  General  Perofski,  and  a  slight  expression  of  which  is  attempted  in  our 
small  general  map  of  the  Ural.  In  these  ridges,  however,  the  geographical  out- 
fine  is  in  perfect  harmony  with  the  strike  of  the  strata.  Occupying  a  zone  of 
some  breadth,  this  carboniferous  limestone,  in  which  we  found  fossils  character- 
istic of  both  its  highest  and  lowest  members,  ranges  down  to  the  Sakmarka, 
where  that  river  flows  transversely  to  the  chain  '. 

'  It  U  in  the  midst  of  this  band  of  parallel  ridges  of  limestone  that  the  country  quarters,  (Katchufka) 
of  General  Pcrofski  are  situated,  amidst  some  of  the  many  beautiful  landscapes  which  the  South  Ural 
affords. 
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In  the  annexed  woodcut  the  spectator  is  supposed  to  be  looking  from  near  the 
Ural  river  on  the  south,  towards  the  edges  of  the  strata  which  are  washed  by  the 
river  Sakmarka,  and  the  section  explains  how  these  calcareous  rocks  pass  con- 
formably under  the  Permian  deposits  which  overlie  them  to  the  west  (see  Map). 

From  the  post-station  of  Verchni  Ozernai,  we  made  an  excursion  to  the  edges 
of  the  adjacent  mountains,  there  known  under  the  name  of  the  Gourmaya  Hills, 
and  near  the  Baschkir  village  of  Kundrofka,  on  the  right  bank  of  the  Sakmarka, 
we  found  the  following  ascending  series,  clearly  exhibited  in  beds  highly  inclined 
and  dipping  to  the  west. 

22. 


The  rocks  forming  the  mass  of  mountains  to  the  right,  consist  of  carboni- 
ferous limestone,  which  graduates  upwards  into  a  flagstone  series.  The  latter  is 
succeeded  by  bands  of  calcareous  grit  and  flagstone,  many  of  which  have  the  same 
composition  as  the  grits  of  Artinsk,  and  contain  Goniatites,  Encrini,  and  other 
small  fossils,  together  with  plants,  &C. 

As  these  strata  plunge  directly  under  other  calcareous  rocks  with  gypsum,  fol- 
lowed by  cupriferous  red  sandstones  and  conglomerates,  all  of  which  partake  of  the 
elevation  of  the  chain,  and  dip  more  or  less  sharply  to  the  west,  we  hailed  this 
section  as  the  most  important  which  we  had  observed,  in  showing  the  passage  from 
lower  to  higher  carboniferous  strata,  and  from  the  latter  into  another  system  cha- 
racterized by  a  different  group  of  fossils.  These  overlying  deposits  will  be  taken 
into  consideration  in  the  following  chapter. 

General  Remarks  on  the  Fauna  of  the  Carboniferous  system  of  Russia. — The  reader 
who  has  followed  us  in  our  preceding  enumerations  of  the  carboniferous  fossils,  in 
different  parts  of  the  empire  of  Russia,  will  be  not  less  struck  with  their  general 
resemblance  to  those  of  the  same  age  in  Western  Europe,  than  with  the  marked  dif- 
ferences between  them  and  the  forms  in  the  older  palaeozoic  rocks  of  this  region. 
One  or  two  species,  only,  of  the  Devonian  fauna  have  been  detected  among  the  nume- 
rous carboniferous  types  to  which  we  have  referred  j  and  even  these  may,  upon  a 
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strict  scrutiny,  prove  to  be  distinct  varieties.  If,  indeed,  the  Leptcma  sarcinulata 
(Hupsch),  which  is  very  prevalent  in  the  carboniferous  strata  of  Russia,  should 
eventually  be  pronounced  to  be  the  same  species  as  the  Lepttena  lata,  so  typical  of 
the  Silurian  rocks  of  Britain — an  opinion  which  is  already  entertained  by  no  less 
an  authority  than  M.  L.  Von  Buch,  and  also  by  one  of  us1 — it  offers  a  very  puz- 
zliDg  problem  in  the  distribution  of  marine  remains,  for  of  this  shell  there  is  not  a 
trace  in  the  well-examined  Silurian  deposits,  nor  even  in  the  Devonian  deposits 
of  Russia  ,  whilst,  on  the  other  hand,  as  will  be  shown  in  the  sequel,  it  has  in 
these  regions  been  first  brought  into  existence  in  the  carboniferous  age,  and  has 
been  contiuued  into  its  uppermost  members.  Such  a  striking  anomaly  as  is  offered 
by  this  singular  exception,  may  therefore  render  us  cautious  in  identifying  all  species 
by  their  external  forms. 

Without,  however,  dwelling  upon  a  solitary  exception,  we  invite  attention  to 
the  remarkable  proofs  which  Russia  affords,  of  an  .almost  completely  new  creation 
of  species  in  the  carboniferous  epoch  ;  a  fact  which  is  the  more  remarkable,  when 
we  know,  that  by  far  the  larger  portion  of  the  vast  area  under  review  has  not, 
during  these  ancient  epochs,  been  the  theatre  of  any  violent  catastrophes  ;  but  that, 
on  the  contrary,  the  deposits  have  there  succeeded  to  each  other  in  the  most  tranquil 
manner.  .Enormous  tracts,  however,  it  must  be  admitted  have  been  periodically 
raised  from  beneath  the  sea  by  grand  oscillations,  of  which  the  central  dome  of 
Devonian  rocks  (p.  53)  is  a  striking  example  ;  and  parts  of  the  bottom  of  the  car- 
boniferous sea  have  then  been  added  to  this  continent,  to  form,  in  their  turn,  the 
shores  of  newer  accumulations,  which  will  hereafter  be  described  under  the  name 
of  the  Permian  system. 

The  Carboniferous  rocks  of  Russia  are  rich  in  characteristic  organic  remains, 
and  though  the  lists  which  we  have  to  offer  are  not  so  copious  as  those  which 
have  been  derived  from  the  more  diligently  explored  rocks  of  similar  age,  in  other 
parts  of  Europe,  they  completely  answer  the  views  of  the  geologist.  In  a  word, 
maay  well-known  species  represent  exactly  the  fauna  of  this  epoch,  and  serve 
as  a  sound  basis  for  reasoning,  which  future  discoveries  may  slightly  modify,  but 
cannot  destroy. 

Of  ichthyoliteB,  so  remarkably  abundant  in  the  Devonian  epoch,  there  are  very 
few  traces  in  the  carboniferous  limestone  ;  a  fact  which  may  be  theoretically  ex- 

>  M.  dc  VcmeuU.    See  the  reasoning  on  this  point  in  Part  III. 
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plained  on  the  principle  of  certain  peculiar  submarine  conditions,  to  which  allusion 
has  already  been  made  (see  p.  64).  The  few  which  have  been  discovered,  including 
a  fine  ichthyodorulite1  and  some  small  teeth,  are,  however,  quite  distinct  from  the 
remains  of  fishes  of  the  preceding  period.  Trilobites,  so  profuse  in  the  Silurian 
epoch,  and  so  very  rare  in  the  Devonian,  are- also  but  little  developed  in  the  car- 
boniferous age;  two  small  species  only  having  been  found,  which  are  very  closely 
allied  to  the  trilobites  of  the  mountain  limestone  of  England  and  of  Belgium.  A 
Cythcrina,  or  minute  marine  crustacean,  also  found  in  those  countries,  has  been 
detected  at  two  or  three  places  in  Russia,  where,  as  will  have  been  observed,  the 
genus  is  not  limited  to  rocks  of  this  age,  but  commencing  life  in  the  later  days 
of  the  Devonian  epoch,  its  existence  was  prolonged,  as  will  hereafter  be  shown, 
into  deposits  of  the  age  of  the  Zechstein. 

The  Cephalopoda,  so  numerous  and  of  such  varied  forms  in  the  carboniferous 
deposits  of  the  West  of  Europe,  are,  on  the  contrary,  very  rare  in  Russia.  Of 
Orthoceratites  we  are  as  yet  acquainted  with  two  or  three  distinct  species  only,  and 
Goniatites,  unknown  throughout  the  great  mass  of  Russia  in  Europe,  are  found 
in  certain  upper  strata  only,  on  the  flanks  of  the  Ural  chain.  To  some  of  these 
we  have  already  alluded,  as  existing  in  the  grits  of  Artinsk,  but  when  we  come 
to  explain  the  structure  of  the  Ural,  and  to  show  the  nature  of  the  carboniferous 
limestones  on  the  Asiatic  side  of  that  chain,  it  will  then  appear,  that  at  a  spot 
distant  upwards  of  2500  miles  from  the  British  Isles,  Goniatites  are  there  found 
(with  many  other  shells)  absolutely  identical  with  those  of  the  English  and  Belgian 
carboniferous  rocks.  The  Nautili  are  as  scarce  as  other  Cephalopods.  We  iden- 
tified, however,  the  Ar.  tuberculatua  as  common  to  the  Ural  mountains,  Vitegra  and 
the  Valdai  Hills ;  and  the  country  of  the  Donetz  affords  the  Nautilus  Leplayi 
(Nob.).  Bellcrophons  are  indeed  pretty  plentiful,  but,  for  the  most  part,  their 
shelly  matter  has  disappeared,  and  they  are  to  be  observed  in  the  form  of  casts 
only.  A  good  exception  to  this  remark  is  that  in  the  Valdai  Hills,  the  Belle- 
rophon  clathratvus  (D'Orb.)  and  B.  depressus  (Eich.)  were  both  found  in  complete  pre- 
servation, the  former  being  undistinguishable  from  British  and  Belgian  species. 

The  Brachiopods,  and  particularly  the  Producti,  abound  to  such  an  extent,  that 
the  mountain  or  carboniferous  limestone,  here  as  elsewhere,  might  well  be  called 
"  Productus  Limestone."  And  what  is  still  more  remarkable,  the  species  are  almost 

'  Tbk  ichthyodorulite  wu  found  by  Colonel  Helmrocn. 
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everywhere  the  very  same  as  those  of  our  own  countries.  Among  the  most  com- 
mon  of  these  shells  are  the  P.  giganteus  and  P.  striatus  (both  characterizing  the 
lower  beds),  the  P.  antiqmtus  and  P.  punctatus  j  all  well  known  as  the  most  com- 
mon forms  of  the  British  mountain  limestone. 

The  Spirifcrs  offer  less  variety  thati  those  of  England,  and  we  are  not  able  to 
enumerate  more  than  seven  or  eight  species.  The  most  remarkable  and  most 
generally  diffused  is  the  Spirifer  Mosquensis,  which  invariably  characterizes  the 
central  mass  or  white  limestone  of  Russia,  and  is  never  found  in  the  lower  stratum. 

The  most  prevalent  corals  are  the  Chatetes  radians,  Litkostrotion  fioriforme' ,  the 
undescribed  species  of  the  English  mountain  limestone  to  which  we  have  often  re- 
ferred, the  Oorgonia  retepora,  and  Retepora  laxa.  In  the  Ural  Mountains  and  on 
their  flanks,  the  two  latter  polypifers  are  highly  useful  in  enabling  us  to  distinguish 
the  carboniferous'  from  the  Devonian  limestone,  when  these  rocks  graduate  into 
each  other,  and  are  subjected  to  the  same  flexures.  Gorgonias  and  Retepores,  we 
may  observe,  are  evidently  of  the  latest  creation  among  the  corals  of  the  palaeo- 
zoic rocks,  for  they  occur  even  in  the  overlying  Permian  deposits. 

Bncrinitcs  are  not  wanting  in  the  carboniferous  limestone  of  Russia,  but  they 
seem  to  be  less  abundant  in  it  than  in  England,  and  the  heads  or  stomachs  of 
these  animals,  by  which  alone  their  specific  characters  can  be  well  determined,  are 
exceedingly  rare. 

Lastly,  the  creatures  which,  approaching  to  the  lowest  scale  of  organization, 
particularly  attract  our  attention  as  peculiar  to  the  carboniferous  deposits  of  Russia, 
are  the  Fusulina?,  foraminifers  closely  allied  to  the  genus  Nonionina  of  D'Orbigny*. 
Russia  is  the  only  country  in  Europe  in  which  such  minute  beings  are  found 
so  low  in  the  series  of  deposits,  and  there  they  so  abound,  that,  like  the  Num- 
mulites  of  the  older  tertiary  and  youngest  secondary  deposits,  they  constitute  thick 
masses  of  rock ;  and  from  the  fine  lamination  ot  the  strata,  seem  to  indicate  the 
existence  of  a  very  tranquil  sea,  during  the  long  time  throughout  which  they 
were  accumulated.    We  have  described  such  rocks  upon  the  Volga  near  Samara, 

1  Mr.  Lonsdale  had  not  completed  his  examination  of  the  corals  whilst  these  pages  were  in  the  press, 
and  hU  account  of  them  will  appear  in  Part  III.  In  the  mean  time  he  has  decided,  that  the  Lithottrotion 
ftori/orme  must  be  called  L.  rmarciattm.  Fischer  having  described  it  as  Astrea  emarciata. 

*  Whilst  these  pages  arc  passing  through  the  press,  M.  Alcide  D'Orbigny,  having  examined  the  Fusu- 
lina, has  enabled  us  to  correct  our  comparison  of  this  foraminifcr  (p.  8  7)  with  the  Alveolinu,  which  it 
very  much  resembles  in  external  form.    Sec  description.  Part  III. 
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where,  associated  with  a  few  other  well-known  fossils  of  the  system,  they  almost 
exclusively  occupy  it*  upper  division ;  though  in  another  locality,  a  few  have 
been  detected  in  the  middle  beds,  with  Spirifer  Mosquen»is. 

On  the  whole,  the  review  of  the  Carboniferous  fauna  of  Russia  indicates  nu- 
merous forms  which  arc  identical  in  deposits  of  the  same  age  in  the  British  Isles, 
North  America  and  Russia;  thus  affording  the  strongest  proofs,  that  the  condi- 
tions of  equable  climate  which  prevailed  over  enormous  areas,  during  the  Silurian 
and  Devonian  epochs,  were  continued,  in  quite  as  great  intensity,  during  the  suc- 
ceeding age. 

As  to  the  bearing  of  these  organic  remains  upon  public  utility,  we  may  confi- 
dently say,  that  by  exactly  comparing  fossils  from  different  and  distant  localities,  we 
have  assured  ourselves  of  the  precise  position  of  various  coal-bearing  strata  ;  and  by 
pointing  out  that  the  same  deposit  in  one  region  is  entirely  void  of  coal  and  in 
another  is  richly  charged  with  that  mineral,  we  have,  we  trust,  helped  to  solve  a 
problem  of  some  national  importance. 
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PERMIAN  SYSTEM. 

Introduction. — Explanation  of  the  word  Permian. — Eastern  Limits  of  the  Permian 
System  along  the  Slopes  of  the  Ural  Mountains. — Lower  Limestone  and  Gypsum 
near  Perm.— Copper,  Grits,  Sandstones,  Sfc— Ascending  Series  of  Strata  from  the 
south-west  flank  of  the  Ural  to  the  Environs  of  Orenburg. — Permian  Rocks  around 
Orenburg. — Limestones  of  Grebeni,  8fc,  shottm  to  be  the  equivalent  of  the  Zechstein, 
fife. —  Conglomerates,  Copper  beds  and  Sandstones  north  and  west  of  Orenburg. — 
Kargalinsk,  Obschey  Sirt,  Sfc. — Transverse  Section  from  Sterlitamak,  near  the 
Ural,  to  the  Volga  on  the  west,  including  the  Mines  of  Nijni  Troitsk,  Bielebei,  8fc. 
— Country  between  Perm  and  Kazan. — Sections  on  the  Kama,  Volga  and  Sciaga. — 
Sections  of  Gypsum  and  Limestone  on  the  Piana  (Bamakvva,  Arzamas,  8fC.). — 
Western  Limits  of  the  System.— Origin  of  the  Copper  Sands,  S?c. 

Having  worked  our  way  upwards  through  Silurian,  Devonian  and  Carboni- 
ferous rocks,  we  have  now  to  describe  the  next  succeeding  natural  group.  Spread 
out  over  a  larger  surface  than  any  other  Russian  system,  the  rocks  in  question, 
with  certain  overlying  red  deposits  which  wc  cannot  yet  well  separate  from  them, 
occupy  the  greater  part  of  the  governments  of  Perm,  Orenburg,  Kazan,  Nijni  Novo- 
gorod,  Yaroslavl,  Kostroma,  Viatka  and  Vologda,  a  region  more  than  twice  the  size 
of  the  whole  kingdom  of  France* ! 

Very  different  opinions  have  prevailed  concerning  the  age  of  these  rocks,  due 
doubtlessly  to  the  varied  aspect  which  the  same  strata  assume  in  their  range  over 
so  broad  an  area,  and  to  the  limited  scale  of  observation  from  which  conclusions 
have  been  drawn.  The  red  sandstone  and  conglomerate  of  certain  districts,  with 
small  seams  of  subordinate  coal,  have  led  to  a  comparison  with  the  "  rohte-todte- 
Uegende,"  whilst  the  lighter-coloured  sands  have  suggested  the  idea  of  the  "  weiss 
liegende  "  of  German  geologists.    Again,  the  variegated  marls  and  sandstone,  with 
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salt  and  gypsum,  which  abound  in  other  parts  of  the  region,  have  induced  the 
belief,  that  these  deposits  belonged  to  the  New  Red  Sandstone  or  Trias.  Long 
ago,  indeed,  the  German  miners,  who  first  developed  the  value  of  the  copper  ores 
which  are  so  widely  distributed  through  the  sands  and  grits  of  Perm,  and  Oren- 
burg, observed  an  analogy  between  those  beds  and  the  "  Kupfer  schiefer  "  with 
which  they  were  familiar,  as  well  as  between  the  associated  Russian  shelly  lime- 
stones and  their  own  "  Zcchstcin'."  These  analogies,  however,  were  little  men- 
tioned among  geologists,  and  were  forgotten  with  the  lapse  of  years.  The  fossils, 
indeed,  had  never  been  compared,  and  recently  Professor  Kutorga,  grounding  his 
opinion  on  the  character  of  the  plants,  had  referred  the  beds  in  which  they  are 
contained  to  the  true  carboniferous  a?ra. 

Such  was  the  state  of  the  question  when  we  entered  upon  the  survey  of  Russia. 
To  arrive,  therefore,  at  a  sound  conclusion  respecting  the  age  of  these  rocks,  it  be- 
came essential  to  traverse,  as  far  as  possible,  the  countries  over  which  they  extended, 
and  compare  the  phenomena  which  had  led  to  such  contradictory  opinions.  The 
result  has  been,  that  though  these  deposits  are  of  very  varied  mineral  aspect,  and 
consist  of  grits,  sandstones,  marls,  conglomerates  and  limestone,  sometimes  in- 
closing great  masses  of  gypsum  and  rock-salt,  and  arc  also  much  impregnated  with 
copper,  and  occasionally  with  sulphur,  yet  the  whole  group  w  characterized  by  one 
type  only  of  animal  and  vegetable  life. 

Convincing  ourselves  in  the  field,  that  these  strata  were  so  distinguished  as  to 
constitute  a  system,  connected  with  the  carboniferous  rocks  on  the  one  hand,  and 
independent  of  the  Trias  on  the  other,  we  ventured  to  designate  them  by  a  geogra- 
phical term,  derived  from  the  ancient  kingdom  of  Permia,  within  and  around 
whose  precincts  the  necessary  evidences  bad  been  obtained. 

With  the  highest  respect  for  the  labours  of  German  geologists  upon  the  Zcch- 
stcin, and  for  the  researches  of  those  authors  who  have  placed  the  Magnesian 
Limestone  of  England  on  the  same  parallel,  we  are  conv  inced,  that  neither  in  Ger- 
many nor  in  Great  Britain  do  the  same  accumulative  proofs  exist,  to  establish  the 
independence  of  a  geological  Bystcm.  If  mineral  characters  be  appealed  to,  no 
German  writer  will  contend,  that  the  thin  course  of  "  Kupfer  schiefer  "  is  of  like 
importance  with  the  numerous  strata,  which  in  Russia  constitute  many  bands  of 

'  When  we  examined  this  tract  we  were  quite  unaware  that  any  German  miner  had  compared  its 
limestone*  with  the  Zechstein,  and  we  only  became  acquainted  with  the  circumstance  through  M.  A. 
Erman,  when  he  visited  England  in  1842. 
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various  structure ;  rendering,  in  fact,  the  Zechstein  itself  a  mere  subordinate 
member  of  a  vast  cupriferous  series.  Subordinate,  however,  as  it  is  in  some 
tracts  of  Russia,  the  Zechstein  is  so  magnificently  displayed  in  others,  in  masses 
of  both  limestone  and  gypsum,  that  it  more  than  rivals  the  finest  sections  of  that 
deposit,  whether  in  the  Hartz  or  in  Thuringia.  We  object,  however,  to  a  litholo- 
gical  name,  hitherto  reserved  for  one  portion  only  of  a  complicated  series ;  and  as 
the  Germans  have  never  proposed  a  single  term  for  the  whole  group,  which  is 
based  upon  the  rohte-todte-liegende  and  is  surmounted  by  the  Trias,  we  have 
done  so,  simply  because  we  first  found  in  Russia  the  requisite  union  of  proofs. 

We  will  not  occupy  time  in  showing,  that  the  English  synonym  "  Magnesian 
Limestone  "  is  a  term,  the  employment  of  which  could  only  have  led  to  false  in- 
ferences ;  for  our  readers  who  have  followed  us  already  know,  that  both  the  Devo- 
nian and  Carboniferous  rocks  of  this  country  contain  large  and  continuous  masses 
of  magnesian  limestone,  often  indeed  more  dolomitic  and  magnesian  than  the 
limestone  of  the  rocks  we  are  about  to  consider. 

For  these  reasons,  then,  we  were  led  to  abandon  both  the  German  and  British 
nomenclature,  and  to  prefer  a  geographical  name,  taken  from  the  region  in  which 
the  beds  arc  loaded  with  fossils  of  an  independent  and  intermediary  character  ; 
and  where  the  order  of  superposition  is  clear,  the  lower  strata  of  the  group  being 
seen  to  rest  upon  the  Carboniferous  rocks. 

And  now  a  word  or  two  upon  the  fossds.  Neither  German  nor  English  geolo- 
gists have  yet  proved  that  the  Zechstein  or  Magnesian  Limestone  contains  within 
it  a  Flora  of  its  own ;  few  distinct  and  well-characterized  species  having  been 
found  in  the  Kupfer  schiefcr  and  Zechstein  of  Germany,  and  none  having  been 
detected  in  the  Magnesian  Limestone  of  England.  A  few  species  of  Calamites  and 
Ferns,  with  fucoid-like  plants,  are,  indeed,  cited  in  the  tabular  list  forming  part  of 
a  recent  work  which  has  just  fallen  into  our  hands '.  The  geological  habitat 
assigned  to  several  of  these  German  plants — "  Zechstein-Sandstein  " — may,  how- 
ever, be  offered  as  another  valid  reason  for  the  use  of  a  general  name,  as  applied 
to  this  group. 

We  may  add,  that  even  whilst  we  write,  the  high  authority  of  M.  Adolphc  Bron- 
gniart  has  confirmed  our  early  impression  of  the  intermediary  character  of  the 

'  Oca  Von  Sactuen.  Dresden  and  Leipairk.  1843,  in  which  a  commentary  by  Dr.  Adolphc  Kurze,  with 
figures  of  two  plants,  is  quoted.  Sec  also  Miinster's  Beitrige,  Part  I.  pi.  4.  fig.  S.  Some  of  the  specie; 
referred  to  in  the  •  Gea  Von  Sachaen  *  are  unpublished. 
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Flora  which  we  collected  in  Russia,  and  to  his  views  we  shall  appeal,  in  a  review 
of  the  Fermian  organic  remains,  with  which  the  ensuing  chapter  will  be  con- 
cluded. In  the  mean  time  it  maybe  affirmed  that  the  existence  of  plants,  approach- 
ing rather  to  Carboniferous  types  than  to  those  of  theTriassic  period  (which  is  the 
opinion  of  M.  Brongniart),  is  in  harmony  with  the  evidences  derived  from  the 
animal  remains,  which,  whether  Mollusca,  fishes  or  Saurians,  constitute  a  group 
perfectly  analogous  to  that  which  occupies  the  same  geological  horizon  in  Western  . 


Such  then  is  our  apology  for  the  introduction  of  a  new  synonym,  and  in  the  en- 
suing  chapters  we  shall  support  our  reasons  for  its  use.  To  render,  however, 
the  term  Permian  acceptable  to  German  and  English  readers,  we  have  placed  the 
words  Zechstein  and  Magnesian  Limestone  as  equivalents  in  the  Table  and  Map, 
thus  to  point  out,  that  beds  similar  in  structure  to  them,  form  part  of  the  diver- 
sified "  Permian  System." 

In  our  first  announcement  of  this  system  we  believed  that  it  might  comprehend 
the  rohtc-todte-licgende  of  Germany'  ;  but  we  have  since  seen  reason  to  modify 
this  view,  and  to  exclude  (for  the  present)  that  German  deposit  from  our  Russian 
natural  group.  For,  if  the  rohte-todte-liegende  should  be  found  to  contain  (and 
we  believe  this  to  be  the  case)  some  of  the  same  species  of  plants  as  the  coal-fields 
of  the  surrounding  countries,  that  deposit  must  certainly  be  considered  the  repre- 
sentative of  the  Carboniferous  system  in  that  portion  of  Northern  Germany,  where 
no  other  coal-fields  exist.  At  all  events,  English  geologists  have  not  yet  been  able 
to  point  out  any  natural  distinctions  between  the  plants  of  their  Lower  Red  Sand- 
stone and  those  of  the  subjacent  coal  measures  ;  and  as  the  identification  of  this  red 
sandstone  with  the  rohtc-todte-licgende  has  been  admitted,  we  are  compelled  to 
avow,  that  a  deposit  so  characterized  can  form  no  part  of  a  system  in  which  the 
plants  belong  to  a  peculiar  type.    In  a  word,  therefore,  our  Permian  system  em- 

'  Sec  Mr.  Murchison's  Letter  to  Dr.  Fischer,  Moscow.  Sept.  1MI,  when  the  term  "  Permian"  was 
first  proposed  ;  also  Phil.  Mag.  vol.  xix.  p.  417.  In  suggesting  this  name,  we  had,  we  confess,  forgotten 
that  our  distinguished  friend  M.  D"Omaliu»  D'Halloy  Itad  employed  the  word  ••  Peneen  "  to  characterize 
nil  the  strata  between  the  "  tcrrcin  houiller"  and  the  "  bunter  sandsteiu."  We  adhere,  however,  to  our 
geographical  name,  not  only  because  it  was  adopted  on  the  same  principle  which  led  to  the  u*e  of  "  Silu- 

and  much  mineral  wealth  (copper,  sulphur,  salt,  &c.)  ;  thus  rendering  the  word  "  Peneen  "  or  "  sterile  " 
quite  inapplicable  in  the  present  state  of  our  knowledge. 
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braces  everything  which  was  deposited  betweeen  the  conclusion  of  the  carboniferous 
epoch,  and  the  commencement  of  the  Triassic  series. 

After  this  preliminary  explanation,  we  have  great  pleasure  in  expressing  our 
thanks  to  several  scientific  friends  who  aided  our  labours  in  the  examination  of  the 
region  under  review.  In  the  mining  tracts  near  Perm  we  acquired  a  knowledge  of 
the  sequence  of  the  strata  through  the  efforts  of  Colonel  Vdlkner,  the  director  of 
the  Imperial  Zavod  of  Yugansk,  and  his  officers.  In  the  district  around  Bielcbci 
(equally  rich  in  copper  ores)  we  were  cordially  assisted  by  Major  Wangenhcim  Von 
Qualen.  Shortly  previous  to  our  visit,  that  gentleman  had  published1  a  geological 
sketch  of  the  country  around  his  residence,  which  too  plainly  indicated  the  doubts 
under  which,  in  common  with  all  his  predecessors,  he  then  continued  to  labour. 
He  had  also  furnished  the  Museum  at  Moscow  with  a  valuable  collection  of  fossil 
shells,  plants,  fishes  and  Saurians,  and  he  further  contributed  liberally  to  our 
scientific  wants.  We  are  bound,  indeed,  to  say,  that  without  his  labours  and 
the  co-operation  of  our  learned  and  kind  friend  Dr.  Fischer,  to  whom  the  best 
of  these  fossils  had  been  communicated,  (and  who  had  indeed  published  or  pre- 
pared many  of  them  for  publication,)  we  could  not  have  arrived  at  60  clear  and 
satisfactory  a  conclusion  respecting  the  age  of  the  Permian  deposits. 

In  describing  the  Permian  rocks  we  shall  commence  with  their  eastern  limits  on 
the  flanks  of  the  Ural  Mountains,  and  having  pointed  out  their  base  or  junction 
with  the  carboniferous  limestone,  we  shall  then  describe  parallel,  transverse  sec- 
tions from  the  Ural  on  the  east,  to  the  Volga  on  the  west,  concluding  this  chapter 
with  an  account  of  the  deposits  on  the  right  bank  of  that  river. 

Eastern  limits  of  the  Permian  System.— By  inspecting  the  Map  it  will  at  once  be 
seen,  that  the  rocks  of  which  we  have  briefly  spoken  (and  which  are  there  coloured 
light-red,  and  marked  by  the  figs.  4  and  5),  are  to  a  great  extent  surrounded  by 
strata  of  the  carboniferous  sera,  on  which,  in  fact,  they  repose  in  the  form  of  a 
vast  trough.  On  the  western  side  of  this  enormous  basin,  the  country  is  so 
low  and  the  subsoil  so  obscured  by  detritus,  that  it  is  difficult  to  ascertain  the 
order  of  superposition  in  any  direct  section.  The  geologist,  however,  who  ad- 
vances from  west  to  east,  convinces  himself  by  independent  proofs,  that  he  has 
reached  a  zone  of  younger  age  than  any  which  he  has  examined  on  the  west  and 

i  Bulletin  de  It  Soc.  d'Hi*t.  Nat,  de  Mcmcou.  1840.  Adopting,  however,  our  views  of  classification. 
Major  Wangenheim  Von  Qualen  has  published  another  account  of  the  rocks  of  hia  neighbourhood,  since 
we  left  Russia,  and  he  now  places  them  on  the  parallel  of  the  Zechstein. 
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north.  He  finds,  it  is  true,  several  lithological  analogies  between  the  great 
country  of  Old  Red  Sandstone  which  he  has  left  to  the  north  and  west  of  the  car- 
boniferous limestone,  and  the  vast  red  region  in  which  he  is  at  first  bewildered ; 
but  with  the  discovery  of  fossils,  he  ascertains,  that  zoologically  the  one  red 
region  is  wholly  dissimilar  from  the  other.  Comparing  the  fossils  with  those  of 
Western  Europe,  he  assures  himself,  that  he  has  entered  into  a  formation  higher 
in  the  series  than  the  carboniferous  limestone. 

His  next  object,  therefore,  is  to  explore  those  tracts  wherein  the  elevation  of  the 
older  strata  with  which  he  had  previously  made  himself  well  acquainted,  has  been 
such,  as  clearly  to  expose  a  passage  from  them  to  the  newer  strata  in  question. 
Such  proofs  were,  indeed,  obtained  to  some  extent  in  our  first  visit  to  Russia,  by 
ascending  the  great  Dwina  ;  but  as  the  beds  arc  there  very  horizontal,  we  shall 
appeal  to  that  section  in  the  next  chapter,  and  in  corroboration  only  of  the  suc- 
cession which  is  more  clearly  exhibited  on  the  western  flanks  of  the  Ural  Moun- 
tains. The  slight  sketch  which  has  been  given  of  the  carboniferous  rocks  which 
occupy  the  hills  on  the  western  flanks  of  that  chain,  will  enable  our  readers  to 
understand  how  they  rise  out  from  beneath  the  Permian  deposits,  and  referring  to 
the  coloured  section  (PL  II.  fig.  I.),  as  affording  a  general  view  of  the  order  ob- 
served along  the  flanks  of  that  chain,  we  shall  at  once  proceed  to  detailed  descrip- 
tions of  different  tracts,  in  the  governments  of  Perm  and  Orenburg. 

Lower  Limestone,  Gypsum  and  Copper  Deposits  near  Perm. — The  oldest  beds  of 
this  system,  or  those  on  the  western  slopes  of  the  Ural  Mountains,  which  succeed 
to  the  upper  carboniferous  strata,  arc  well  developed  to  the  east  of  the  city  of 
Perm,  on  the  banks  of  the  rivers  Sylva,  Babka,  Sira  and  Gromotucha,  where  they 
consist  of  finely  laminated,  calcareous  flagstones,  sometimes  inclosing  small  con- 
cretions of  white  gypsum,  at  other  times  charged  both  with  large  concretionary 
masses  and  thin  flaglike  beds  of  the  same  mineral.  Some  of  the  calcareous  beds 
resemble  chalk  marl,  others  are  dark -coloured,  hard,  and  somewhat  bituminous, 
with  courses  approaching  to  chert,  and  the  whole  pass  upwards  into  calcareous 
grits,  sandstones,  conglomerates,  &c. 

At  Verkni  Podvolodchie,  the  cliffs  on  the  right  bank  of  the  Sylva  show  an  as- 
cending section,  from  flaglike  limestones,  through  concretionary  grey  calcareous 
rocks,  into  overlying  flagstones  and  grits,  which  are  surmounted  by  shales  and 
flagstone  with  plants. 

Near  Tchelkanova,  on  the  same  river,  amorphous  masses  of  gypsum  appear  on 
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both  banks  ;  and  at  Savorochino,  gypsum  is  seen  in  one  cliff,  and  limestone  in  the 
other.  Again,  at  Goruchky  on  the  Sylva,  there  is  an  ascending  section  of  lime- 
stone, gypsum  and  calcareous  grit ;  whilst  in  other  spots,  both  on  the  Sylva  and 
Sira  rivers  (Votiaky,  Gromotucha,  &c),  large  masses  of  grit  and  marl  repose  upon 
limestone  without  the  intervention  of  gypsum.  We  owe  our  acquaintance  with 
these  facts  to  our  friend  Col.  Volkner1.  In  ascending  the  Babka  and  Sylva  rivers 
we  found  the  gypsum  still  further  developed.  At  Krisolova,  the  right  bank  of 
the  Babka,  150  to  200  feet  in  height,  is  occupied  in  ascending  order  by— 1.  Large 
masses  of  gypsum.  2.  Flaglike  gypsum  and  calcareous  flagstone.  3.  Finely  la- 
minated, small  concretionary  gypsum,  with  flags  of  marly  grey  limestone  divided 
both  by  gypsum  and  thin  way-boards  of  white  chalky  marl.  4.  Summit  composed 
of  a  tufaceous  dolomite  passing  into  calcareous  grit.  Chert  is  seen  at  intervals  in 
this  neighbourhood,  and  some  of  the  courses  of  limestone  are  pisolitic,  whilst  others 
are  bituminous.  These  rocks  also  occupy  the  country  around  the  town  of  Kon- 
gur  on  the  high  road  from  Perm  to  Ekaterinburg. 

like  most  formations,  therefore,  in  which  gypsum  abounds,  the  lithological  va- 
riations are  considerable  in  very  short  distances,  even  where  the  strata  are  hori- 
zontal ;  masses  or  large  concretions  sometimes  taking  the  place  of  calcareous  flags, 
and  vice  versd.  It  is  somewhat  remarkable,  that  strata  containing  so  much  cal- 
careous matter  should  be  so  devoid  of  fossils ;  for  in  none  of  the  localities  which 
we  examined,  could  we  detect  organic  remains  in  these  lower  gypsiferous  lime- 
stones, except  at  two  places ;  viz.  at  Rapoymaya,  between  the  Yugofsk  Zavod  and 
the  river  Sylva,  where  we  detected  minute  Cytherin*  in  a  bastard  limestone,  and 
again  near  Gorodok  in  the  Tchussovaya  river.  At  the  latter  place  the  limestone, 
which  is  burnt  for  lime  and  occupies  the  plateaus,  contains  Unionida,  shells  much 
resembling  forms  to  which  we  shall  hereafter  allude,  in  describing  the  country 
further  west,  and  to  the  north  of  Bielebei. 

In  one  place,  however,  where  the  ground  rises  into  a  little  eminence,  called  Tchal- 
pan,  a  limestone  is  loaded  with  small  shells,  among  which  the  Modiola  Paltasii  and 
the  Terebratula  elongata  are  abundant.  Although  we  did  not  visit  this  locality, 
and  owe  our  knowledge  of  it  to  Colonel  Volkner  and  Captain  Platanoff,  we  can 
only  say,  that  we  believe  the  rock  may  prove  to  be  an  overlying  mass,  similar  to 
fossiliferous  limestones  we  shall  presently  describe,  and  which  are  clearly  of  the 
age  of  the  Zechstein. 

■  Then  director  of  the  Imperial  ZaTod*  or  mining  establishment*  of  Perm. 
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Whilst  the  limestones,  flagstones  and  gypsum  here  described  are  seen  in  the 
valleys  on  the  east,  the  plateaus  to  the  west  are  occupied  by  cupriferous  grits, 
sandstones  and  shale,  which  have  been  largely  excavated  at  several  places.  These 
rocks  have  been  particularly  developed  at  the  Zavods  of  Yugofski  and  Motovi- 
lika,  and  as  we  were  accompanied  through  them,  as  well  as  the  adjacent  country,  by 
Colonel  Volkner,  who  furnished  us  with  sections  and  specimens,  we  at  once  ac- 
quired an  acquaintance  with  them.  These  beds,  which  are  pierced  by  shafts  from 
35  to  130  feet  deep,  consist  of  thick,  flaglike  grits  of  grey  and  dingy  colour,  rarely 
ferruginous,  sometimes  of  greenish  hue,  and  occasionally  slightly  calcareous,  with 
courses  of  red  and  grey  ribboned  marl  and  shale.  The  ores  of  copper,  chiefly  the 
green  carbonate,  are  disseminated  at  intervals  through  all  the  beds,  but  in  this 
district  the  grits  are  the  most  cupriferous.  On  the  whole,  the  lower  beds  are  more 
grey  and  dark-coloured,  and  the  upper  strata  redder.  Plants  of  at  least  twenty 
species  (some  of  which  are  figured  and  will  be  described  in  Part  III.)  diversify  the 
series  in  this  locality,  and  in  some  of  the  lower  strata  they  are  so  numerous  as  to 
have  given  rise  to  thin  seams  of  coal,  occasionally  from  two  to  three  feet  thick. 
Concretions,  often  cupriferous,  six  to  eight  inches  long,  occur  here  and  there,  and 
they  have  been  generally  formed  around  carbonized  stems  of  plants.  Both  here, 
and  in  other  places  which  we  shall  hereafter  describe,  the  copper  ores  are  very 
frequently  found  to  be  arranged  in  the  interstices,  and  around  the  fossilized  stems 
and  branches  of  plants,  exhibiting  passages  from  the  common  oxide  of  copper  to 
the  grey  sulphuret  or  copper  pyrites,  and  occasionally  to  the  finer  varieties  of 
bright  green  acicular  malachite,  mixed  with  crystals  of  the  blue  ore  (Kohlen-Salz 
Kupfer) '. 

All  these  beds  are  as  near  as  possible  horizontal,  and  consist,  we  repeat,  in 

•  The  cupriferous  bed.  contain  2$  per  cent,  of  ore  only,  but  from  the  wide  domination  of  the 
ore  throughout  vwt  masses,  iu  extraction  is  profitable,  though  by  no  means  so  much  bo  as  in  the 
copper  works  of  the  Ural,  particularly  those  of  M.  A.  Demidoff,  where  it  is  quite  in  another  condition, 
occurring  in  rich  vein!  ami  masses  amid  mctamorphic  strata,  associated  with  igneous  rocks,  as  will  be 
described  in  Part  II.  In  tho  districts  near  Perm,  108  cubic  fect  of  wood  are  consumed  to  extract  a  poud, 
or  about  37  J  lbs.  English,  of  copper  ore  ;  and  the  cutting  and  converting  the  wood  into  charcoal  cost 
H  roubles.  The  poud  of  copper  sells  from  32  to  34  roubles,  and  costs  the  Government  23,  whilst 
individuals  whose  establishments  arc  not  so  expensive,  produce  it  at  18  rouble*.  The  Imperial  Zavods 
near  Perm  afford  16,000  pouds  per  annum,  and  as  the  net  gain  per  poud  is  10  roubles  60  copecks,  the 
Government  profit  is  1 60,000  roubles,  or  about  £8000  sterling  per  annum,  after  defraying  all  costs,  pay  of 
officers  included. 
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ascending  order,  of  grey  and  dark-coloured  shale  with  plants  and  coal,  grey  grit 
and  ribboned  shale,  red  and  greenish  grey  grits,  and  argillaceous  marl. 

The  whole  country  is,  indeed,  of  a  red  colour,  and  the  surface  is  usually 
covered  with  fine  gravel  arising  from  the  decomposition  of  a  conglomerate  in  situ . 
Such  decomposed  conglomerate  is  made  up  of  various  crystalline  rocks  derived 
from  the  adjacent  Ural  chain,  among  which  quartz  rock  and  quartz  prevail,  with 
syenite,  greenstone,  &c,  and  some  fragments  of  the  paheozoic  limestones.  Masses 
of  this  age,  that  have  been  decomposed  in  situ,  are,  in  fact,  very  common  over  wide 
spaces  in  the  governments  of  Perm  and  Orenburg,  and  though  in  general  the  im- 
bedded fragments  are  small,  we  have  met  with  examples  (one  in  particular  at 
Eralskaya-gora,  between  Ust  Kataf  and  Simsk)  where  they  were  large,  and  which, 
the  cementing  detritus  having  been  washed  away,  might  almost  have  been  mis- 
taken for  erratic  blocks  of  a  more  modern  period. 

On  this  eastern  frontier  of  the  Permian  system  we  did  not  extend  our  researches 
further  to  the  north  than  Solikamsk,  a  country  composed  of  grey-coloured,  flag- 
like limestone,  marls  and  gypsum,  surmounted,  here  and  there,  by  red  sandstone 
and  conglomerate,  occasionally  cupriferous.  These  rocks  are  rich  in  salt-sources, 
which  have  been  followed  down  to  such  great  depths  beneath  the  surface,  that  we 
are  constrained  to  believe,  either  that  they  issue  from  the  very  base  of  the  Per- 
mian system,  or  even  from  the  carboniferous  rocks.  The  analogy  of  a  great  mass 
of  rock-salt  at  Illetzkaya  Zastchita,  south  of  Orenburg,  and  which  will  be  described 
in  the  next  chapter,  might  indeed  lead  to  the  belief,  that  these  saline  sources  have 
their  origin  in  the  body  of  the  Permian  rocks.  When,  however,  we  remember 
that  at  Starai-Russa,  salt-springs,  equally  copious,  rise  through  the  Lower  Devo- 
nian strata,  and  possibly  even  from  the  Silurian  rocks  (p.  45),  we  are  compelled  to 
desist  from  attaching  any  value  to  the  presence  of  Bait  as  a  geological  constant. 
It  occurs,  in  fact,  in  beds  of  all  ages,  and  of  the  truth  of  this  remark  Russia  offers 
excellent  examples  (see  further  observations  on  salt  in  the  next  chapter). 

Western  Flank  of  the  South  Ural.— Ascending  Series  near  Orenburg.— Rocks  of 
similar  composition  to  those  we  have  described  near  Perm,  and  having  the  same  pre- 
vailing red  colour,  succeed  to  the  carboniferous  beds  all  along  the  western  edges  of 
the  Ural  chain.  Wherever  the  nature  of  the  country  and  the  limited  time  at  our 
disposal  enabled  us  to  make  researches,  we  found  the  lowest  strata  of  this  system 
to  consist  of  calcareous  flags  with  large  masses  of  gypsum,  similar  to  those  upon 


14G 


SECTION  FROM  THE  URAL  TO  ORENBURG. 


the  Sylva  and  Babka  near  Kongur.  We  shall  presently  describe  the  succession  in  the 
neighbourhood  of  Sterlitamak,  but  as  the  uppermost  carboniferous  strata,  viz.  the 
Goniatite  grits  and  flags,  are  not  there  visible,  and  the  line  of  junction  is  marked 
by  violent  dislocations  (the  lower  carboniferous  limestone  being  thrown  at  once 
into  immediate  contact  with  the  gypseous  strata),  we  prefer  to  transport  our  readers 
to  the  southern  extremity  of  the  chain,  and  to  point  their  attention  to  a  very  clear 
ascending  order,  the  lower  part  of  which  has  been  already  alluded  to.  It  has 
been  shown  (p.  132),  that  at  the  south-western  flank  of  the  South  Ural  the  upper- 
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most  beds  of  the  carboniferous  limestone  (a)  occupying  the  hills  called  Gourmaya, 
near  the  Bashkir  village  of  Kundrofka,  are  highly  inclined,  dipping  to  the 
west.  The  Goniatite  grits  and  flags  (b)  are  succeeded  by  other  grey  and  thin 
calcareous  flags  with  large  concretionary  masses  of  white  gypsum  (c),  in  which 
we  observed  no  fossils,  and  which  perfectly  resembled  the  deposits  of  the  Sylva 
and  Kongur.  A  country  composed  of  red  ground  follows,  and  still  further  to 
the  west,  arc  hard,  red  and  green  sandstone  and  flagstone,  in  parts  calcareous,  in 
parts  a  conglomerate,  with  disseminated  copper  ore  (d).  All  these  strata  dip  to 
the  west  beneath  other  red  beds,  and  in  the  hill  of  Girialskaya,  the  whole  group 
is  distinctly  overlaid  by  a  coarse,  red  sandy  conglomerate  (e),  having  a  base  of  dull 
red  sandstone.  The  materials  of  this  conglomerate  have  been  derived  from  the 
older  rocks  of  the  Ural  chain,  and  vary  from  the  size  of  peas  to  that  of  melons. 
All  these  masses  are  inclined  at  high  angles  and  dip  conformably  to  each  other  to 
the  west ;  on  the  mountain  sides  at  60°  to  70°,  and  in  the  lower  hills  of  Girials- 
kaya at  not  less  than  35°  to  40°,  the  inclination  gradually  diminishing  as  the  hills 
descend  into  the  low  country.  This  section  is  therefore  most  clear,  in  showing  a 
perfect  conformability  between  the  Permian  rocks  and  the  carboniferous  strata 
upon  which  they  repose  ;  a  phacnomenon  the  more  remarkable,  as  in  considerable 
tracts  connected  with  the  Ural  these  deposits  are  unconformable. 
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Between  these  hills  and  Orenburg  the  country  subsides  into  an  undulating 
steppe,  in  which  it  is  very  difficult  to  trace  any  regular  succession,  though  dark  red 
sandstone  with  some  gypsum  occurs,  a  little  out  of  the  high  road,  and  other  strata 
contain  concretions  of  impure  limestone  not  unlike  "  cornstonc."  These  concre- 
tions, and  the  matrix  in  which  they  occur,  are  indeed  more  like  the  Lower  New  Red 
Sandstone  of  the  central  counties  of  England  than  any  other  rock  to  which  they 
can  be  lithologically  compared,  and  in  approaching  Orenburg  we  again  saw  them 
at  the  little  station  of  Nejinskaya,  where  the  rock  is  a  dull,  brown-red  sandstone 
with  purple  streaks. 

At  Orenburg,  the  right  bank  of  the  Ural  river  exposes  cliffs  of  red  and  light- 
coloured  marly  incoherent  sandstone,  and  this  system  of  red  beds  extends  over  a 
very  considerable  area  to  the  south,  north  and  west  of  the  city. 

Zone  of  Zechitein,  or  Magnesian  Limestone. — Having  conducted  our  readers  to 
some  distance  from  the  edge  of  the  carboniferous  limestone,  as  seen  on  the  flank  of 
the  Ural  Mountains,  and  having  ascertained,  by  their  high  inclination,  that  many 
of  the  intermediate  strata  are  of  great  thickness,  we  may  now  state,  that  on  this 
parallel  we  met  with  a  band  of  limestone  which  is  dissimilar  in  mineral  aspect 
from  that  which  is  associated  with  the  gypsum  near  the  mountain  flanks.  Some 
courses  of  this  limestone  are  perceived  near  to  Orenburg,  about  four  versts  west  of 
the  city,  and  near  the  mouth  of  the  river  Sakmarka.  The  upper  beds  are  thin, 
and  of  light  grey  colour,  but  they  thicken  downwards  to  courses  of  eight  and  ten 
inches  of  whitish  colours.  The  strata  exposed  (and  they  have  been  quarried  to 
shallow  depths  only)  form  probably  the  upper  part  of  the  Zechstein,  properly  so 
called,  and  they  contain  Terebratula  elongata  and  another  species,  with  some  reed- 
like plants  and  serpuloid  bodies.  This  rock  is  here  evidently  upon  a  line  of  undu- 
lation or  elevation,  for  the  beds  plunge  to  the  south-south-west  at  25°. 

About  sixty  versts,  however,  to  the  north,  the  same  limestone  is  admirably  ex- 
posed at  a  place  called  Grebeni,  and  is  extensively  quarried  as  a  building  stone  for 
the  use  of  the  surrounding  country.  The  hill  of  Grebeni  is  on  the  left  bank  of  the 
river  Sakmarka,  to  which  it  presents  an  escarpment  of  not  less  than  sixty  feet  in 
height,  from  which  the  beds  dip  to  the  east-south-east  at  an  angle  of  20°  to  30°. 
This  portion  of  the  valley  of  the  Sakmarka  evidently  marks  a  line  of  elevation  and 
dislocation,  for  on  traversing  this  low  ground  to  the  lull  of  Palatki,  about  six  versts 
from  Grebeni,  we  found  the  same  limestone  in  a  reversed  position,  and  dipping 
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eastwards  at  20°.  The  annexed  woodcut  will  convey  a  tolerably  correct  idea  of 
the  transverse  section  across  this  valley. 

23. 
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Grwrel-  Utnntime  ntfrrd  by  uncW,  m*rb,  Ac 

The  best  beds  of  this  limestone  are  so  copiously  charged  with  broken  shells,  and 
when  worked  assume  so  white  a  colour,  that  they  somewhat  resemble  the  calcaire 
grossier  of  Paris,  and,  like  that  stone,  they  are  easily  chiselled  and  ring  under  the 
hammer.  The  fossils  of  Grebeni  are  Product™  Canncrini  (nob.),  Ortkis  Wangen- 
heimi  (nob.),  Avicula  Kazancrm*  (nob.),  Modiola  Pallasii?  (nob.),  Retepora  flu*, 
tracea  (Phil.),  &c. 

In  several  places  along  the  west  flank  of  the  South  Ural  we  met  with  a  succes- 
sion similar  to  that  which  is  given  in  the  above  woodcut.  Thus  at  Visilki,  two 
versts  north  of  Gorodok-Sakmarsk,  limestone  with  the  same  fossils  as  at  Grebeni, 
and  in  which  the  Retepora  flustracea  ?  abounds,  dips  at  20°  to  the  west  and  by  north, 
under  grey  grits  and  sandstone,  the  lowest  beds  being  calcareous  and  containing 
shells  (Productus,  &c).  In  following  this  section  a  little  to  the  west,  the  next 
succeeding  beds  are  found  to  be  composed  of  red  siliceous  conglomerate,  slightly 
dipping  off  at  first,  but  soon  becoming  horizontal,  in  which  copper  ore  being 
largely  disseminated,  has  given  rise  to  the  mines  of  Kargalinsk.  As  in  other 
places  where  copper  ore  abounds,  fossil  trees  and  plants  are  also  of  frequent  occur- 
rence, and  although  at  the  time  of  our  visit  we  were  not  so  fortunate  as  to  procure 
them,  this  spot  has  also  afforded  many  remains  of  fishes  (Pa keonisci),  with  bones  of 
Saurians,  &c.  To  the  north  of  Sakmarsk,  at  about  twenty-five  versts  towards 
Yemangulova,  a  section  exposes  a  similar  succession  from  an  inferior  limestone 
through  grey  grits  into  red  overlying  ground,  and  here  the  direction  is  transverse 
to  the  prevalent  strike,  and  instead  of  dipping  to  the  east  or  west,  following  the 
line  of  the  chief  anticlinal  which  is  parallel  to  the  Ural,  the  strata  plunge  20°  to 
the  north,  exhibiting  a  fracture,  at  right  angles  to  the  main  elevation,  and  in  the 
line  by  which  the  river  Sakmarka  escapes  from  the  mountains  (see  Map).  At 
Yemangulova  and  to  the  west  of  that  village,  a  whitish  fossiliferous  limestone 
occurs,  which  is  capped  by  sandstone  and  layers  of  grey-coloured  limestone,  the 
whole  dipping  about  12°  north-east. 
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In  proceeding  northwards  from  Sakmarsk  to  Sterlitamak,  we  no  longer  met 
with  the  limestone  containing  fossils  of  the  Zechstein  ;  but  near  the  mines  of 
Voskrescnsk  (still  nearer  to  the  Ural),  we  were  once  more  amidst  cupriferous  con- 
glomerates, inclined  to  the  west  and  reposing  upon  a  white  limestone  without 
fossils. 

Though  our  time  did  not  permit  us  to  make  many  transverse  sections,  still  by 
ascending  the  Sakmarka,  where  its  course  lies  from  east  to  west  (see  Map),  we  ascer- 
tained, that  a  considerable  tract  of  red  country  is  there  interpolated  between  the 
/one  of  limestone  with  zechstein  fossils  (just  mentioned),  and  the  flaglike  and 
upper  beds  of  the  carboniferous  limestone.  The  latter  forms  the  outer  or  western 
edge  of  the  picturesque  hills,  among  which  General  Perofski,  the  Governor- 
General  of  Orenburg,  has  his  summer  residence.  In  our  journey,  however,  from 
Orenburg  to  Voskresensk,  we  necessarily  regained  the  flank  of  the  carboniferous 
limestone,  and  in  its  vicinity  we  again  obtained  proofs  of  the  existence  of  a  white 
limestone  without  fossils,  as  above  stated,  dipping  under  and  surrounded  by  cop- 
per grits  and  siliceous  conglomerates.  This  excursion,  therefore,  confirmed  our 
view  of  the  existence  of  two  calcareous  zones,  as  proved  by  the  section  from  the 
Gourmaya  Hills  to  Orenburg.  We  shall  presently  offer  similar  evidences  in  a 
section  from  Sterlitamak  to  the  environs  of  Bielebei,  and  in  the  next  chapter  a  like 
setpaence  will  be  indicated  in  the  account  of  our  ascent  of  the  great  Dwina  from 
Archangel  to  Ustiug. 

In  the  parallel  of  Orenburg,  we  found  a  system  of  red  grits,  marls,  conglomerates, 
&c,  spread  out  over  the  whole  country  between  that  city  and  Samara  on  the  Volga, 
with  scarcely  a  trace  of  limestone.  The  higher  part  of  this  region,  which  divides 
those  streams  from  the  valley  of  the  Ural,  and  is  known  as  the  Obschcy  Sirt,  is 
not,  as  some  authors  supposed,  a  ridge  of  crystalline  rocks,  but  simply  a  low  and 
scarcely  perceptible  watershed,  which  is  traversed  by  the  road  from  Orenburg  to 
Samara,  where  it  consists  of  red  sandstone,  in  parts  hard,  solid,  and  slightly- 
micaceous,  with  subordinate,  concretionary  beds  approaching  to  conglomerates. 

To  the  cast  of  the  fort  of  Bor»k  a  natural  section  of  about  100  fret  eposes  m  ascending  order  the  following 
beds : — I.  Solid  red  sandstone.  2.  Red  shale.  3.  Red  »«nd»tone.  •».  Red  .bale.  5.  Reddish  coarse-grained  gnt 
of  some  thickness.  6.  Red  shale.  7 .  Thin  bed  of  red  and  green  sandstone.  8.  Count*  of  conglomerate.  <>.  Kod 
sand  with  concretions.  10.  Red  shale.  11.  Conglomerate,  with  fragments  and  concretions  of  marl,  &c  ,  and 
bones  of  S*urinn*. 

In  the  ensuing  chapter  we  shall  treat  of  the  extension  of  the  Permian  rocks  to 
the  south  of  Orenburg,  and  into  the  steppes  of  the  Khirghis,  where  they  are  charac- 
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terized  by  masses  of  rock-salt  and  salt  springs,  and  are  overlaid  by  peculiar  lime- 
stones unknown  in  other  parts  of  Russia. 

Sections  from  the  Flanks  of  the  Ural  chain  near  Sterlitamnk,  to  the  Volga  on  the 
west. — In  a  traverse  from  Sterlitamak  to  Ufa  we  perceived  nothing  worthy  of  no- 
tice, except  masses  of  gypsum  and  alabaster,  subordinate  to  red  sandstone,  argil- 
laceous limestone  and  marl.  In  the  environs  of  Sterlitamak,  the  lower  gypseous 
beds,  to  which  we  have  adverted  as  forming  the  base  of  the  Permian  system,  are 
uot  seen  on  the  banks  of  the  Bielaya,  which  river  there  meanders  in  a  plain, 
flanked  on  the  east  by  the  outlying  hills  of  carboniferous  limestone  previously 
alluded  to,  and  which  evidently  constitute  the  last  echellon,  or  parallel,  of  the  older 
rocks  of  the  Ural.  Between  these  outliers,  however  (Tchekatau,  &c),  and  the 
main  body  of  carboniferous  limestone  on  the  east,  there  is  a  fine  trough  of  red  and 
green  marls,  with  vast  masses  of  gy  psum  and  thin-bedded  impure  limestone,  in 
which  we  could  discover  no  fossils.  The  lowest  beds  consist  of  flaglike,  brown- 
coloured  gypsum  ;  in  the  middle  strata  occur  large  white  concretionary  masses  ; 
and  the  upper  consist  of  thinly  foliated,  reddish  gypsum,  inosculating  with  red 
marl  and  courses  of  white  and  red  marlstone.  Separated  from  the  main  region 
of  the  Permian  deposits  and  pierced  by  the  anticlinal  ridge  of  carboniferous  lime- 
stone above  alluded  to  (see  coloured  section,  PI.  Il^fig.  I.),  the  ascending  series 
above  these  gypseous  masses  is  necessarily  truncated  ;  though  the  strata  we  now 
describe  are  splendidly  exhibited  in  the  picturesque  hills  inhabited  by  the  Bashkirs, 
on  the  right  bank  of  the  small  stream  Seleuk.  To  the  west  of  the  Bielaya,  or  on 
the  left  bank  of  that  river,  the  beds  are  denuded  or  obscured  for  some  distance ; 
but  to  the  south  and  south-south-east  of  that  town,  the  carboniferous  limestone 
receding  eastwards  with  a  partial  change  of  direction  in  the  Ural  chain,  the  Per- 
mian rocks  are  largely  spread  out  in  undulations,  upon  both  banks  of  the  Bielaya, 
so  far  as  that  river  flows  from  south  to  north. 

After  leaving  the  country  of  gypsum  and  flat-bedded  limestone  on  the  Seleuk, 
similar  to  that  of  the  Sylva  (p.  142),  the  first  beds  visible  in  the  low  plateaus  to 
the  west  of  Sterlitamak,  arc  dull,  red,  earthy  flagstones  and  sandstones,  passing 
to  purple  and  yellowish  micaceous  sandstone,  from  one  inch  to  two  feet  thick, 
which  are  followed  by  others,  composed  of  red  or  purple  and  grey  sandstone 
and  grit,  undistinguishable  from  those  near  Perm,  with  occasional  white  conglo- 
merate ;  the  whole  alternating,  as  seen  in  some  ravines,  with  red  and  green 
marls  or  shale,  in  which  courses  of  pebbly  rock  wedge  out  in  one  locality  and  ex- 
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pand  in  another.  After  passing  over  a  barren  steppe  of  considerable  width,  inha- 
bited by  Bashkirs,  the  surface  of  which  is  covered  at  intervals  with  much  black 
earth  or  "  Tchornozem,"  we  first  perceived  on  the  sides  of  a  ravine  near  the 
Bashkir  camp  of  Ilchegulova,  about  half  way  between  Sterlitamak  and  Bielebei, 
bands  of  impure  limestone,  in  parts  resembling  English  "  cornstone,"  alternating 
with  grey  and  red  grit  and  shale.  In  these  beds,  most  of  which  are  flaglike,  we 
found  the  Modiola  Pallagii,  the  Productus  Cancrini,  and  some  corals,  impacted  in  a 
dull  red  matrix,  overlying  other  limestone  flags  of  grey  colour  and  compact  struc- 
ture, beneath  which  are  thin  bands  of  smoke-grey  and  greenish  calcareous  sand- 
stone and  grit.  The  beds  exposed  are  in  all  about  thirty  feet  thick,  and  they 
occupy  the  summits  of  the  plateaus  watered  by  the  Nadir  and  other  rivulets  which 
flow  into  the  Dioma.  In  our  journey  to  the  west  we  perceived  that  the  calca- 
reous matter  thickened  rapidly,  inclining  upon  the  whole  to  the  west ;  for  we  shall 
presently  see,  that  beds  containing  the  same  fossils  which  here  occupy  the  plateau, 
occur  at  the  bottom  of  the  deepest  denudations. 

The  reader  will  not  fail  to  observe,  that  on  this  line  of  section,  as  on  that  of 
Orenburg  (p.  Hfi),  limestone  with  fossils  of  the  Zechstein  is  not  met  with,  except 
at  some  distance  from  the  edges  of  the  carboniferous  rocks. 

On  the  banks  of  the  Dioma,  this  limestone  series  thickens  in  fine  escarpments, 
composed  of  strong  bands  of  red  and  grey  grits  with  plants ;  and  the  latter,  some- 
times calcareous,  alternate  with  courses  of  fossiliferous  limestone. 

This  is  well  seen  at  Nikefur,  on  the  banks  of  the  Zayakaya,  a  tributary  of 
the  Dioma,  in  cliffs  of  about  140  feet  in  height,  which  expose  the  following  suc- 
cession :— 

Summit.— Band*  of  white  and  brownish  compact  flaglike  limestone,  with  course*  of  yellow  and  gracnish  gntty 
sandstone,  with  Produettu  Cancrini  (nob.),  P.  honwtnt  (nob.),  TWtbratula  eonetntriea.  smalt  Modioli 
and  plants.  Sec. 

Calcareous  grit,  with  thin  courses  of  flint. 

Grey  marl  with  thin  courses  of  limestone. 

Sandstone  and  grits  (with  schists  of  concboidal  fracture  forming  the  lamina:  of  deposit),  containing  many 

stems  of  plants. 
Limestone,  whitish  and  grey*  in  bed*  of  one  to  two  feel. 
Dull  red  argillaceous  beds. 
Base.— Thick  beds  of  purple  and  grey  grit  and  sandstone. 

In  all  this  tract,  the  limestone  seemed  to  prevail  on  the  summits,  and  the  grits 
towards  the  bottom  of  the  valleys. 

Further  westwards,  at  Metaftamak,  twenty-two  versts  from  Bielebei  and  west  of 
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the  Zavod  of  Ussen-Ivanofski  (where  we  first  met  with  our  kind  friend  Major 
Wangenheim  Von  Qualen),  the  hills  to  the  north  of  the  little  stream,  rising  to 
not  less  than  250  feet  ahovc  its  bed,  expose  so  many  alternations  of  limestone  with 
sandstone  and  marl,  that  we  are  induced  to  impress  the  nature  of  the  series  on 
the  mind  of  the  reader  by  the  following  woodcut. 

In  ascending  from  the  rivulet  and  plain,  the  first  eighty  feet  (a)  are  observed  in 
a  slope  which  is  evidently  argillaceous ;  for  springs  burst  out  where  it  terminates 
against  the  escarpment  of  overlying  rocks,  just  as  in  the  Midland  Counties  of  En- 
gland the  line  of  springs  is  seen,  where  the  inferior  oolite  rests  upon  the  lias. 

Above  this  the  following  ascending  section  is  observed  — 


Above  this  the  vertical  section  ceases,  and  the  slope  which  leads  to  the  summit 
exposes,  first,  sandy  beds  with  calcareous  grits  and  argillaceous  concretions,  grey, 
compact,  marly  flagstone,  thin,  red,  sandy  and  marly  beds,  covered  by  greyish  and 
brownish  flayhke  compact  limestone.  From  these  sections  it  appears  certain,  that 
beds  of  limestone  containing  the  fossils  of  the  Zechstein,  are  interlaced  with  a  co- 
pious development  of  sands,  marls,  &c,  which  are  loaded  with  the  peculiar  plants 
we  shall  hereafter  describe. 

A  high  plateau,  due  probably  to  a  great  undulation  of  the  strata,  rises  between 
the  Dioma  ou  the  east  and  the  Ik  on  the  west,  on  which  the  town  of  Bielebei  is 
placed,  and  to  the  north  of  which  are  situated  the  Zavods  of  Nijni  and  Verkni 
Troitsk'.  In  the  neighbourhood  of  these  Zavods  the  structure  of  the  tract  is 
admirably  laid  open  on  the  banks  of  the  river  Kidash,  which  has  a  short  and  rapid 
course  from  east  to  west,  until  it  falls  into  the  Ik.  In  passing  from  Verkni  to  Nijni 

1  Thwe  Zavod*  are  managed  by  our  friend  Major  Wangenheim  Von  QuuU-n. 
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Troitsk,  or  from  east  to  west,  the  beds  with  Producti  are  seen  to  be  overlaid  by  a 
very  considerable  thickness  (400  to  500  feet)  of  white  marlstone,  flaggy  limestone, 
marl  and  sandstone  ;  the  white  marlstone  occasionally  predominating  in  the  upper 
parts  of  the  hills.  Wc  might  offer  many  detailed  sections  of  the  structure  of  the 
hills  around  these  Zavods.  We  could  not,  however,  propose  any  one  as  a  type  of 
general  succession  ;  for,  as  before  said,  no  two  sections,  made  even  in  the  same 
parallel  and  at  very  short  distances  from  each  other,  will  be  found  to  agree.  As 
the  beds  throughout  the  whole  of  this  tract  are  very  slightly  inclined,  and  ap- 
proach as  near  to  horizontality  as  may  be,  with  very  few  signs  of  dislocation, 
and  as  the  numerous  watercourses  which  fall  into  the  Kidash  expose  fine  natural 
sections,  we  convinced  ourselves,  that,  for  the  most  part,  the  variety  of  structure 
was  due  to  expansions  and  contractions  of  mineral  matter  upon  the  same  horizon  ; 
in  short,  to  the  system  of  inosculation  represented  in  the  coloured  section,  PI.  W. 
fig.  1 ,  and  in  the  tabular  view  which  accompanies  the  Map. 

The  Productus  limestone,  in  its  lowest  and  thickest  beds,  is  sometimes  a  hard, 
thick,  flaglike  magnesian  limestone,  of  conchoidal  fracture,  splitting  into  very 
large  flags  :  in  some  places,  strata  containing  the  same  fossils  are  calcareous  grits, 
in  others  they  are  white  limestones.  Occasionally  they  are  tufaceous,  though 
usually  the  uppermost  beds  only  assume  the  latter  character,  and  they  are  then 
associated  with  a  great  thickness  of  whitish  and  greenish  beds  of  marl  and  marl- 
stone, with  few  fossils,  except  Modiola?.  Sometimes  indeed  (as  at  Metaftamak, 
see  opposite  section),  the  Producti  are  found  in  calcareous  grits  or  sandstones  ;  at 
other  times  they  are  united  together  in  matted  masses,  and  form  shelly,  tertiary- 
like  beds,  six  to  eight  inches  thick,  harder  than  the  strata  with  which  they  are 
intercalated,  and  with  which  they  alternate  in  escarpments  from  1 50  to  200  feet 
high.  Again,  at  Nijni  Troitsk,  the  same  shells  occur  in  a  brown  shale  surmounted 
by  white  limestone,  but  in  no  instance  have  they  as  yet  been  found  in  the  over- 
lying beds  of  cupriferous  sandstone  and  conglomerate  associated  with  the  bones  of 
Saurians.  This  group  is  also  diversified  by  the  presence  of  flint  and  chert,  which 
occur  both  in  the  form  of  thin  continuous  layers  and  small  concretions,  like  those 
of  the  chalk  of  Western  Europe.  The  siliceous  bands  exhibit,  indeed,  all  the 
shades  of  variety,  from  a  coarse  chert  to  the  finest  resinous  silex,  and  as  in  the 
carboniferous  limestone  of  Russia,  they  sometimes  contain  fossils. 

The  red  argillaceous  shale  styled  "  leber  thon"  by  Major  Von  Qualen,  contains 
no  organic  remains,  nor  have  the  white  marls  and  tufaceous  limestones  afforded 
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any,  with  the  exception  of  some  beds  containing  Modiola?,  and  very  rarely  a  Pro- 
ductus.  The  grits,  sandstones,  shales  and  pebbly  beds  of  this  district  very  much 
resemble  those  near  Perm,  contain  many  plants  of  the  same  species,  and  also  afford 
thin  seams  of  coal,  from  one  and  a  half,  to  three  and  a  half  feet  in  thickness. 

The  intimate  connection  of  copper  ore  with  the  fossil  vegetation,  similar  to  that 
described  at  Perm,  is  most  instructively  displayed,  particularly  at  the  mines  of 
Klutchefski  near  Bielebei,  and  at  Kargala  in  the  Steppes  north  of  Orenburg.  So 
general,  in  fact,  is  the  connection  of  fossil  wood  and  copper  ore,  that  the  discovery 
of  the  outcrop  of  the  silicified  trunk  of  a  tree  often  leads  the  mining-agent  to 
follow  it  into  the  rock  and  thereby  to  detect  valuable  cupriferous  masses.  Some- 
times the  copper  ore  interlaces  with  all  the  fibres  of  the  silicified  wood  ;  at  other 
times  it  is  continuous  through  a  mass  of  leaves,  matted  in  sand,  grit  or  mar), 
and  thus  a  small  nucleus  of  vegetable  matter  has  often  proved  a  source  of  con- 
siderable wealth.  Where  the  copper  permeates  the  coaly  fibre,  it  is  usually  in 
the  state  of  blue  carbonate.  As  a  general  rule  it  may  be  said,  that  the  sand- 
stone, grit  and  shale  beds  in  which  plants  occur,  are  the  great  matrix  of  copper 
ore,  and  that  this  mineral  is  much  more  rarely  found  in  the  white  and  green  marls 
— never  indeed  in  the  same  quantity,  and  never,  as  far  as  we  know,  in  the  pure 
limestone '. 

An  examination  of  the  section  from  the  valley  of  the  Kidash  to  the  adjoining 
plateau  of  Karlinski,  and  from  thence  to  the  river  Ik,  must  indeed  convince  any 
one,  that  the  whole  of  the  beds  we  have  been  describing  constitute  one  complex 
mineral  series,  with  copper  disseminated  at  intervals ;  for  at  the  base  of  the  sec- 
tion on  the  Kidash,  are  beds  containing  Productus  Cancrini,  in  the  middle  lime- 
stone and  flagstones  with  Uniones  or  Anodons ;  then  plants  and  traces  of  coal ; 
and  lastly,  marl,  sandstone,  partial  conglomerate  and  grit,  with  bones  of  Saurians. 

The  annexed  woodcut  will  convey  a  tolerably  correct  idea  of  the  succession 
visible  in  one  part  of  these  valleys,  where  the  mines  are  poor,  but  in  which  at  least 
500  feet  of  strata  are  exposed. 

It  was  in  these  conglomerates  and  grits  of  the  plateau  of  Karlinski  (evidently 
in  this  spot  superior  to  the  great  calcareous  bands  with  Product  i)  that  some  of  the 
Sauroid  remains  described  by  M.  Fischer  were  found  by  Major  Von  Qualen'.  The 
Rhopahdon  Mantellii  (Fischer),  on  the  other  hand,  was  detected  in  the  conglomerate 

'  See  our  explanation  of  the  connection  of  the  copper  ore  with  pUntt  at  the  end  of  thii  chapter. 
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a.  Shale  ndnkimHi*  nagwuine,  wrtk  /VWirfw  QawnM and  alitor  faeeila  ot«U*d  bt  and  euboctitnate  to  arer  nndvbme  and  ant  r*'.— Ttuti- 
Iwddnd  wltuc  aurWtonr  naarin,  m  tafareune  lunntoiw.— d.  VeOowiah  caleareinu  .hcllr  twit,  ten  to  fifteen  inehre  (kick,  with  white,  ml  end  green, 
rutoaml  nuuti  Tbeae  bede  break  into  Urjr«  rbomlw  or  wpurtan  mavew,  ud  thr  »™r»lmg«..urr>  err  filled  with  .h.le.  Thrrhiafhed  n  rodeupofe 
mwllltude  of  broken  ibell.,  and  »  devwled  In  the  rnnrUtoue  elmve  ud  W,»  by  •  Uun  Belittle  of  «h»le.  In  the  oeerlj.ng  marlatonee  are  I  'nbie  <ir 
Anodoa*.  Willi  .tern.  .»  Ml  plan«n.-«.  WbIm  aaarktonea  of  pal  Ihirknoa.-/.  Dingy  red  ud  green  inn.hrrcal  -arafc,  witk  avow  arern  But  and 
a  little  copper  —e  Wait*  nurUune  with  red  and  green  argiUaeeotu  marl  or  .hair.  Tail  tertian  glte.  Ike  detalle  on  the  ca»t  .ale  or  left  bank  .•<  the 
tittle  rrralet  Sarin,  wha-h  flowing  froea  the  plateau  of  Kariiaakl.  Ub  into  ike  Kidaah,  hut  be  who  paaaea  eren  to  the  we.1  djr  of  thla  pun)  brook  will 
Snd  rerr  dinerrat  bed.  at  aimUar  level..  Thua,  toward,  the  eumnul  on  the  waat  of  the  Karl.,  red  eaadrtone,  copper  oee.  grit  ud  conglomerate  abound 
adjacent  to  and  in  the  eery  war  hoeiano  ai  the  narbtone.  nr.  on  the  eaat  bank. 

at  the  miue  of  Klutchefskoi,  in  the  arrondissement  of  Biclcbci,  forty  versts  south- 
east of  the  river  Dwina,  and  near  the  village  of  Kargola.  In  the  opinion  of  Pro- 
fessor Owen,  to  whom  we  have  submitted  specimens  from  these  localities,  the 
bones  from  near  Troitsk,  probably  humeri,  unquestionably  belong  to  Thecodont 
Saurians,  and  are  more  closely  allied  to  the  Thecodontosaimis  (Riley  and  Stutch- 
bury),  discovered  in  the  dolomitic  conglomerate  of  Bristol,  than  any  known  fossils. 
This  analog)-  is,  indeed,  still  more  strongly  supported  by  the  more  characteristic 
and  better  preserved  jaw  of  the  Rhopalodon,  which  approaching  very  near  to  the 
species  of  Bristol,  is  quite  distinct,  in  Professor  Owen's  estimation,  from  the 
Cylindricodon  of  Jager,  which  belongs  to  the  Trias. 

These  conglomerates  and  grits  with  fossil  wood  and  copper,  occasionally  contain 
quartz  pebbles  as  big  as  turkeys*  eggs,  imbedded  in  a  cement  which  is  essentially 
the  same  as  the  grey  grits  of  Perm,  occasionally  a  little  calcareous  ;  and  in  the  de- 
tailed sections,  where  the  mines  are  much  worked,  they  overlie  grey  and  green  shale 
with  some  plants  and  coal. 

Believing  that  most  of  the  phenomena  are  to  be  explained  by  inosculations  and 
undulations,  as  expressed  in  the  coloured  section  (PI.  II.  fig.  1.),  still  we  are  not 
prepared  to  say,  that  the  tract  we  are  now  speaking  of,  and  which  has  been  de- 
scribed in  detail  by  Major  Von  Qualen,  is  entirely  void  of  faults.  The  very  section 

1  When  we  were  in  this  district  none  of  the  shells  of  the  limestone  had  been  found  in  the  same  beds 
with  the  Saurian  bones,  but  subsequently  our  friend  Major  Wangcnhcim  Von  Qualen  ha*  detected  them 
in  intimate  association,  thus  leaving  no  doubt  that  all  these  strata  belong  to  one  geological  epoch. 
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above  given  indicates  some  amount  of  upheaval  proceeding  from  east  to  west,  in 
the  valley  of  the  Kidash  ;  and  we  know,  indeed,  that  north  and  south  dislo- 
cations, and  of  which  we  shall  presently  speak,  have  affected  the  region  further 
to  the  north.  We  could  not,  therefore,  observe  the  rapid  change,  in  a  very 
short  horizontal  distance,  which  takes  place  in  this  line  of  hills,  viz.  from  marl- 
stone  and  limestone  to  grit  and  sandstone,  without  supposing,  that  some  upcasts 
and  downcasts  may  exist.  We  still  however  adhere  to  the  belief,  that  the  great 
lithological  complexity  of  the  series  is  mainly  due  to  frequent  inosculations  of  dif- 
ferent mineral  layers. 

In  pursuing  our  examination  westwards  we  observed  great  concretionary  masses 
of  gypsum  with  spacious  caverns,  beneath  escarpments  of  white  limestone,  in  the 
deeply  excavated  valley  watered  hy  the  river  Ik.  Between  the  Ik  and  Bugulma, 
on  the  contrary,  we  saw  sections  of  copper  grits  and  sandstones  beneath  white  and 
yellow  limestones,  containing  corals  and  minute  fossils,  which  are  referred  to 
Cytherina*.  Towards  Bugulma,  however,  gypseous  masses  reappear  in  force  near 
the  base  of  the  hills. 

A  line  drawn  from  Tchistopol  upon  the  north,  to  Bogoroslan  on  the  south,  may 
serve  as  the  western  limit  to  which  the  chief  plant-bearing  and  cupriferous  grits 
extend,  for  to  the  west  of  it  no  plants  have  been  found,  no  copper  ores  are  worked, 
and  the  whole  Permian  system,  with  few  exceptions,  is  represented  by  limestones, 
with  shale  and  marl,  or  marlstone.  Near  Tchistopol,  for  example,  when  we  tra- 
velled from  the  west,  we  learnt  our  first  lesson  respecting  the  intimate  connection 
between  the  grits  of  Perm  containing  plants  and  carbonaceous  matter,  with  bands 
of  Productus  limestone,  as  represented  in  this  woodcut. 


98. 


We  there  saw  how  such  beds  of  grit  pass  distinctly  under  limestone  with  Pro- 
ducti,  and  how  to  the  east  of  this,  viz.  to  the  embouchure  of  the  Kama  and  at 
Kazan,  gypseous  white  limestone,  marlstone,  shale  and  marl  constitute  the  whole 
system.  That  these  rocks  are,  however,  precisely  of  similar  age  to  those  we  have 
been  describing,  is  quite  evident,  for  they  contain  the  same  species  of  fossils. 


Digitized  by  Google 


SULPHUREOUS  BATHS  OF  SERGIEFSK. 


157 


Between  Bugulma  and  Samara  wide  undulations  of  arable  ground,  void  of  trees, 
and  composed  of  red  and  green  marls,  inclose  at  intervals  flag-like  beds  of  white 
and  yellow  magnesian  limestone  ;  and  in  them  near  Klevlina,  in  the  valley  of  the 
little  Tcheremchara  river,  we  observed  small  Lingular,  which  we  cannot  distinguish 
from  the  carboniferous  species  Lingula  parallela  (Phill.).  From  thence  to  the  west- 
ward the  limestones  expand,  and  occupy,  for  a  considerable  space,  the  whole 
country.  On  the  banks  of  the  Sok  there  are  escarpments  of  white  and  yellowish 
magnesian  limestone,  100  to  120  feet  high,  exposing  beds  from  four  to  ten  inches 
thick,  the  streams  flowing  from  which  are  as  limpid  as  the  rivers  which  issue  from 
chalky  rocks  in  Western  Europe ;  and  lastly,  the  structure  of  all  these  western 
plateaus  is  clearly  displayed  at  the  town  of  Sergiefsk,  where  this  magnesian  and 
gypseous  series  is  exposed  in  the  cliffs  impending  over  the  river. 

Again,  at  the  Imperial  Baths  of  Sergiefsk,  eight  miles  east  of  the  town  of  that 
name,  the  sections  of  the  hill  sides,  to  the  east  of  the  baths,  are  very  clearly  ex- 
posed. At  the  base  of  the  hill  issue  the  very  copious  mineral  sources,  a  brief 
analysis  of  which  by  Dr.  Clauss,  and  given  to  us  by  Dr.  Flisch,  one  of  the  physi- 
cians of  the  establishment,  is  herewith  annexed '.    These  springs  issue  from  bands 

1  If  we  were  permitted  to  judge  of  the  quantity  of  sulphuretted  hydrogen  by  the  smell,  we  should  say, 
that  we  never  met  with  such  strong  evidences  at  any  other  sulphureous  bath*,  for  even  at  the  distance  of  a 
mile  and  when  the  place  was  concealed  from  our  view  by  a  hill,  our  noses  announced  to  us  the  proximity  of 
this  great  healing  source,  to  which  1500  patients  were  attracted  during  the  summer  of  our  visit.  Pallas, 
in  describing  the  chief  sulphureous  pool  of  this  neighbourhood,  speaks  of  the  foetid  smell  occasionally  ex- 
tending three  or  four  vents. — 1st  Voyage,  vol.  i.  p.  156.  Issuing  from  four  source*,  the  water*  arc  col. 
lected  in  a  large  open  reservoir,  which  is  surrounded  by  ornamental  trees. 

The  following  is  the  analysis  of  Dr.  Clauss,  of  the  University  of  Kazan,  of  a  pint  of  the  water. 


Gas,  hydrog.  aulfurat   1  464 

Acid,  carbon    2- 653 

Arot   0  477 


Carbonat.  calc   1987 

  magnesia:    0-9S7 

Muriat.  magnesia;    0-893 

Sulphat.  calcari*   12  920 

 magnesia;    1'573 

 k.l.      0-3G0 

 natri   0173 

Silici   0173 

Principii  cxtractivi   0  054 

Suroma   2012  gr. 

Y 
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of  whitish  limestone,  charged  with  the  Product™  Cancrini,  Avicula  KazanenM*,  and 
other  characteristic  forms.  Thick  hands  of  magnesian  limestone  with  yellow  sur- 
faces, in  beds  of  three,  four,  and  five  feet  each,  appear  on  the  side  of  the  hill,  and 
are  overlaid  hy  a  dolomitic  tufa  containing  gypsum  and  siliceous  agate-like  con- 
cretions, the  summit  being  composed  of  marlstone,  and  white  limestone  as  expressed 
in  this  woodcut : 


As  sulphur  was  formerly  extracted  from  these  hills,  we  may  take  this  opportu- 
nity of  saying,  that  the  whole  of  the  tract  between  Bugulma  and  Sergiefsk  which 
is  watered  by  the  river  Sok,  has  been  minutely  described  by  Pallas'  as  the  seat  of 
some  copper  ore,  much  gypsum,  marl  and  limestone,  with  native  sulphur,  sulphu- 
reous and  asphaltic  sources  and  lakes.  The  deposits  most  charged  with  sulphur 
occ  ur  on  the  left  bank  of  the  Sok  and  around  the  spot  now  fixed  upon  as  the  site 
of  the  baths,  but  they  also  extend  from  the  town  of  Sergiefsk  to  the  confluence  of 
the  Sok  with  the  Volga,  near  to  which  great  quantities  of  native  sulphur  were 
formerly  extracted  from  the  strata,  and  extensive  works  were  in  activity  at  Sernoi- 
Gorodok.  In  his  description  of  that  locality,  Pallas  distinctly  acquaints  us,  that 
the  sulphur  was  regularly  deposited  in  marly  and  gypseous  horizontal  strata,  sub- 
ordinate to  limestone,  exactly  similar  to  that  which  we  are  now  describing  at  the 
baths  of  Sergiefsk.  This  circumstance,  and  the  copious  issue  of  highly  sulphureous 
as  well  as  asphaltic  sources  at  many  points  from  these  rocks,  which  are  regularly 
bedded  and  iu  a  wholly  unaltered  condition,  may  have  an  important  bearing  upon 
geological  theory.  Viewed  under  one  aspect  only,  these  facts  might  lead  us  to  be- 
lieve that  the  phenomena  were  entirely  unconnected  with  igneous  or  volcanic  phe- 
nomena. In  fact,  the  district  of  Sergiefsk  is  not  less  than  400  versts  distant  from 
any  eruptive  rock,  and,  as  above  said,  the  strata  which  contain  the  sulphur  or  emit 
the  mineral  waters  arc  unbroken  and  unchanged. 

According  to  a  recent  examination  of  the  sulphur  deposits  of  Sicily,  by  M.  Pail- 
lette, a  French  engineer*,  showing  that  the  beds  in  which  the  sulphur  is  contained 

1  Vol.  i.  French  Edit.  p.  14'2  el  try. 

«  Sec  '  Compte*  Rendu*  ik  l'luntitut.'  May  1843.  and  an  able  report  uf  M.  Dufrcnoy. 
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are  of  the  lower  tertiary  age,  he  infers  that  its  origin  is  due  to  the  decomposition  of 
gypsum  and  the  liberation  of  sulphuric  acid  ;  effects  produced  under  the  influence 
of  the  igneous  phenomena  to  which  Sicily  has  been  subject.  If  this  reasoning  be 
admissible  in  regard  to  the  Mediterranean  deposits,  it  may  also,  doubtless,  be 
applied  to  our  Russian  strata,  in  which  gypsum,  marls,  salt,  and  asphalt  are  simi- 
larly associated.  We  think,  however,  that  the  explanation  of  the  origin  of  the 
sulphur  of  Sergiefsk,  which  we  suggest  at  the  close  of  this  chapter,  is,  on  the 
whole,  more  satisfactory.  Leaving,  then,  for  the  present,  the  consideration  of  this 
theoretical  point,  we  simply  remind  our  readers,  that  as  geologists  we  have  done  our 
practical  duty  in  proving,  that  the  sulphur  beds  of  Russia,  the  lithological  characters 
of  which  were  long  ago  so  well  described  by  Pallas,  are  included  in  strata  formed  at 
the  close  of  the  palaeozoic  period. 

We  did  not  examine  the  banks  of  the  Volga  throughout  the  whole  of  the  remark- 
able elbow  which  that  river  makes  between  Stavropol  and  Sysran.  We  have  already 
stated  (p.  86)  that  its  right  bank  consists  for  the  most  part  of  lofty  cliffs  of  carbo- 
niferous limestone,  and  from  the  details  of  Pallas  we  apprehend,  that  the  same 
formation  extends  (though  for  a  very  short  space  only),  to  the  left  bank  of  the 
great  stream  and  to  the  right  bank  of  the  Sok  (see  Map).  Pallas,  indeed, 
states,  that  the  limestone,  which  is  described  by  him  as  containing  bodies  like 
seeds  of  wheat  (our  Alveolinas),  forms  a  promontory  in  that  situation.  We 
much  regret  not  to  have  traced  the  junction  which  is  probably  there  visible 
between  the  gypsiferous,  sulphureous  and  saline  Permian  deposits,  and  the  upper 
member  of  the  carboniferous  limestone,  and  we  invite  our  successors  to  develope 
these  relations. 

At  all  those  points,  however,  at  which  we  touched  upon  the  edges  of  the  Volga, 
viz.  at  and  to  the  east  of  Sysran,  at  Samara,  at  the  mouth  of  the  Ussa,  and  at 
Ussolie  opposite  Stavropol,  we  perceived  that  the  right  bank  only  of  the  stream 
was  composed  of  cliffs  of  carboniferous  limestone,  the  left  shore  being  for  the  most 
part  a  slightly  undulating  plain  or  steppe,  which  (with  the  sulphur  hills  described 
by  Pallas,  a  continuation  of  those  of  Sergiefsk)  we  place  in  the  Permian  system. 
At  Ussolie  a  portion  even  of  the  right  bank  of  the  Volga,  consisting  of  low  grounds, 
the  property  of  M.  Davidoff,  is  also,  we  believe,  referable  to  the  Permian  rocks, 
since  salt  springs  issue  from  the  spot.  We  are  further  disposed  to  include  among 
the  Permian  strata  a  calcareous  conglomerate  or  regenerated  rock,  which  covers 
the  carboniferous  limestone  of  the  picturesque  promontory  of  Ussolie.  This 
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conglomerate,  seemed  to  us  to  be  plastered  irregularly  upon  the  flanks  of 
the  older  limestone,  and  thus  reminded  us  of  the  junction  of  the  dolomitic 
conglomerate  with  the  mountain  limestone  near  Bristol  and  in  the  Mendip 
Hills.  A  heavy  storm,  however,  prevented  us  from  satisfactorily  deciding  this 
point. 

Country  between  Perm  and  Kazan. — In  receding  from  the  Ural  chain  in  a  more 
northern  parallel  than  that  which  we  have  just  described,  i.e.  from  Perm  to  Kazan, 
the  geologist  equally  traverses  a  great  cupriferous  region,  the  western  limits  of 
which  are  about  100  versts  east  of  the  latter  city. 

In  thi»  region  limestone  is  much  lew  developed  (at  least  within  short  distance*  of  the  high  road)  Uuin  in  Uie  tnicU 
before  mentioned.  To  the  east  of Ochansk  we  perceived  a  hard,  greyish  limestone,  and  at  the  Tillage  of  Nosdri, 
six  versts  north-east  of  So&kofskaya.  we  met  with  another  variety,  a  white  and  somewhat  compact  limestone,  bat 
neither  of  them  seemed  to  contain  fossils.  In  all  the  tracts  east  of  the  Kama,  the  same  red  marls  mid  grits  prevail 
as  lit  Term,  and  the  surface  is  here  and  there  covered  with  the  disintegrated  materials  of  the  conglomerates 
before  alluded  to.  Copper  ore  occurs  in  a  deposit  similar  to  those  descntied  at  Perm,  and  of  these  we  inspected 
collections  at  the  Zavod  of  Yugoshansk,  chiefly  brought  from  the  mines  of  Mola-lashinskaya.  In  these  were  some 
of  the  finest  specimens  of  plains,  particularly  the  Vnlamiln  gigat  (llrongn.i.  In  the  low  undulating  country  be- 
tween Okansk  and  Malmish,  towards  the  western  limit  of  the  copper  region,  little  of  interest  is  to  be  observed, 
and  the  surface  is  uniformly  occupied  cither  by  red  marls  and  sands,  or  by  an  occasional  |iebldy  rock,  which  we 
found  undecomposed  at  one  place  only,  near  Sassnobskaya,  where  it  formed  the  cap  of  a  hill  and  was  quarried  to 
a  depth  of  thirty  feet.  To  the  east  of  this  the  same  materials,  vu.  pebbles  derited  from  the  Ural  Mountains, 
arising  from  the  breaking  up  of  these  conglomerates  in  place,  are  strewed  about  at  intervals,  just  as  the  detritus  of 
the  central  counties  of  England  has  been  formed  out  of  the  degradation  of  the  pre-existing  conglomerates  of  the 
New  Hed  Sandstone'. 

Towards  the  Viatka  river,  all  traces  of  the  conglomerate  gradually  disappear,  and  the  cupriferous  zone  is 
succeeded  by  marls,  marlstone  and  limestone.  From  what  we  observed  in  the  portion  of  the  government  of 
Yialka  which  we  passed  through,  we  were  not  induced  to  extend  our  researches  northwards  to  the  city  of  that 
name  ;  the  more  so  as  we  were  informed,  that  the  country  around  it  contained  strata  precisely  analogous  to  those 
we  are  now  describing  ;  and  in  a  previous  journey  from  I'stiug  to  Nikolsk,  we  had  indeed  seen  specimens  of  lime- 
stone, derived  from  Kotelnitcb  near  Viatka.  In  descending  the  Viatka  to  Malmadish,  dark  red  sandy  grits,  with 
much  false  bedding,  and  containing  many  flattened  concretions  of  slightly  calcareous  grit,  are  interlaced  with  red 

These  rocks,  extending  to  the  Kama,  are  there  associated  with  limestone  con- 
taining Zechstein  fossils,  as  described  near  Tchistopol  (p.  156).  Midway  between 
Malmadish  and  Malmish,  flaggy  limestones  overlie  the  red  rocks,  and  in  the  same 
district,  at  the  Taischoflski  Zavod,  we  met  with  a  fine  section  of  Magnesian 
Limestone  with  Producti  and  Avicultc,  of  which  fifty  to  sixty  feet  are  exposed, 
covered  by  red  and  white  and  greenish  marls,  in  which  some  small  amount  of 

1  Wc  were  informed  by  the  Oolova,  or  chief  tradesman  of  Sassnobskaya,  that  limestone  also  occurred 
six  versts  south  of  his  little  town. 
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copper  ore  occurs.  This  is  the  westernmost  copper  Zavod  with  which  we  are 
acquainted'. 

Between  Malmish  and  Kazan,  the  sandstone  and  grits  are  exposed  in  many 
places.  At  the  Tatar  village  of  Salaouch  they  have  evidently  heen  subjected  to 
dislocations.  The  beds  of  marl  at  this  place,  and  of  hard  sandstone  at  the  station 
between  it  and  Malmish,  though  four  versts  apart,  arc  both  sharply  inclined  to  the 
east-south-east  at  an  angle  of  32".  It  also  appeared  to  us,  that  certain  bands  of 
thinly  laminated  white  limestone  and  marlstone  which  form  the  summits  of  these 
hills,  were  horizontal,  and  consequently  unconformable  to  the  subjacent  grits  and 
marls.  The  dislocation  of  these  lower  beds  is  an  important  fact  in  teaching  us 
the  westernmost  limits  to  which  the  disturbing  causes  connected  with  the  elevation 
of  the  Ural  chain  have  extended.  The  horizontally,  also,  of  overlying  beds  of  white 
marlstone  and  limestone  is  no  less  important,  in  enabling  us  to  speculate  upon  the 
age  of  certain  strata,  which  are  widely  spread  out  in  the  centre  of  this  great  red 
basin,  of  which  we  are  treating.  There  is  a  considerable  accumulation  of  these 
overlying  materials  of  marls,  sands  and  tufaceous  limestone  or  marlstone  near  the 
town  of  Arsk,  offering  a  section  of  about  100  feet,  in  which,  however,  we  found  no 
fossils. 

Rocks  around  Kazan. — The  city  of  Kazan  is  built  upon  a  succession  of  thin 
courses  of  impure  limestone,  reddish-brown  marly  shale,  &c.  Some  beds  contain- 
ing fossils  arc  seen  in  a  white  limestone  under  the  citadel,  though  the  vast  denuda- 
tions and  enormous  accumulations  of  clay,  drift  and  sand  for  the  most  part  obscure 
the  fundamental  rock  :  it  again  rises,  however,  from  the  plain  of  the  Volga  in  an 
isolated  hill  on  which  a  monastery  is  built,  on  the  right  bank  of  the  Kascnka. 

On  the  right  bank  of  the  Volga,  however,  at  a  distance  of  a  few  versts  from 
Kazan,  fine  bold  cliffs  from  250  to  300  feet  in  height  are  seen,  which  will  be  pre- 
sently described.  In  the  mean  time  we  would  advert  to  the  sections  on  the  Kama 
and  Volga,  to  the  south  of  Kazan. 

The  section  at  Smcof,  nearTchistopol,  alluded  to  p.  156,  clearly  exposes  beds  of 
grit  like  those  of  Perm,  and  charged  with  similar  plants,  underlying  magnesian 
limestones  containing  Producti  and  Aviculae,  and  surrounded  by  green  and 

1  This  copper  work  i»  the  property  of  M.  Y  art  toff,  and  U  worked  by  M.  Sakaloff,  who  gave  ut  a 
cordial  reception.  The  ore  which  was  formerly  extracted  at  this  »pot.  is  now  chiefly  brought  from  ihe 
more  arenaceoua  tract*  upon  the  east,  the  tmelting  being  continued  here  on  account  of  the  value  of  the 
building*  and  the  proximity  of  the  litnettone.  &c. 
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white  marls  and  marlstone,  approaching  to  a  chalky  consistence.  In  following  the 
course  of  the  Kama  from  Tchistopol  towards  its  mouth,  a  considerable  change, 
however,  takes  place  in  the  structure  of  the  country.  The  beds  of  grit  with  plants 
disappear,  large  masses  of  gypsum  succeed,  and  at  Shuran  the  cliff  on  the  right 
bank  of  the  stream,  about  eighty  feet  high,  consists  in  the  lowest  part  of  yellowish 
cream-coloured  and  spotted  marly  limestone  with  small  spinose  Producti  (Pro- 
ductus  Cancrini).  The  central  portion  is  made  up  of  limestone  as  white  as  chalk, 
of  conchoidal  fracture,  with  Modiola?,  and  thin  courses  of  gypsum  covered  by  a 
sub-brecciated,  small  concretionary,  marly  limestone.  The  upper  part  contains 
white,  greenish  and  reddish  marls  and  marlstone,  with  a  few  thin  plates  of  yellowish 
and  greenish  grit ;  upon  this  lies  the  ordinary  reddish-coloured  argillaceous  detri- 
tus, which  covers  large  parts  of  this  district,  where  it  is  not  occupied  by  the  black 
earth  or  Tchornozem. 

Near  the  village  of  Cliutziski  on  the  Volga,  below  Kazan,  the  limestone  is  seen 
to  rise  in  horizontal  beds  from  the  level  of  the  river  to  a  height  of  fifty  or  sixty 
feet,  and  in  it  we  observed  many  fossils.  Among  them  are  Productus  Cancrini, 
Avicula  antiqua  (Munster),  Modiola  and  a  small  bivalve  like  a  Corbula.  Gypsum 
does  not  show  itself  in  this  locality,  but  is  found  in  abundance  lower  down  the 
stream,  and  also  higher  up  at  Verkni  Uslon.  The  fossiliferous  limestone  here,  as 
in  all  other  parts  of  this  neighbourhood,  is  surmounted  towards  the  west,  where 
the  country  rises,  by  red  and  white  and  green  marls,  with  courses  of  marly  tufa- 
ceous  limestone,  which  beds  are  void  of  organic  remains. 

The  finest,  however,  of  all  the  examples  of  the  limestone  and  its  passage  upwards 
into  the  overlying  deposits,  is  offered  in  the  cliffs  exposed  in  the  promontory 
which  forms  the  right  bank  of  the  Volga  at  Verkni  Uslon,  and  extends  to  Sviaga 
near  Sviask.    This  woodcut  exhibits,  in  fact,  a  transverse  section  from  Kazan 1  to 

w 


1  Borings  and  sinkings  to  a  considerable  extent  had  been  carried  on  before  our  arrival  at  Kazan,  in  the 
hope  of  obtaining  a  purer  water  than  that  now  in  u»e.  and  theae  works  passed  through  various  beds  of 

,  Ac.    This  was  one  of  the  many  improvements  which  WW 
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Sviask,  a  distance  of  nearly  thirty  veretB.  At  Verkni  Uslon"  gypsum  (a)  occupies 
the  lower  portion  of  the  cliif  in  thick  sub-concretionary  bands,  with  thin  courses  of 
fossiliferous  white  limestone.  These  are  succeeded  by  impure  limestone  and  shale, 
and  these  by  bands  of  grey-coloured  harder  limestone  (6),  both  strong-bedded  and 
Hag-like,  which  rise  to  a  height  of  seventy  or  eighty  feet  above  the  Volga,  and  are 
loaded  with  many  fossils,  including  Productus  Cancrini,  Avicula  Kazanensis  (nob.), 
Av.  cheratophaga  (Schloth.),  Modiola  Pallasii  (nob.).  The  limestone  is  surmounted 
(as  upon  the  Kama)  by  red,  green  and  white  marls  and  sands  (c),  but  they  are 
here  of  a  great  thickness  (150 to  200  feet).  They  contain  thin  courses  of  white 
tufaceous  limestone,  in  one  of  the  lower  beds  of  which,  only,  we  observed 
Modioke. 

These  overlying  marls  (c)  occupy  the  whole  of  the  upper  portion  of  this  promon- 
tory ;  for  on  examining  its  western  face,  as  you  descend  upon  the  river  Sviaga,  the 
same  succession  is  offered  as  that  which  is  exposed  on  the  eastern  side,  or  the 
Volga  cliffs.  The  view  near  the  little  village  of  Shevalagheena,  a  little  above 
Sviask,  is  indeed  very  striking,  as  it  exposes,  in  a  steep  ravine,  a  thick  mass  of 
limestone,  covered  by  upwards  of  200  feet  of  finely  laminated  green,  white  and  red 
marls  and  sands.  Some  beds  of  this  limestone  are  cream-coloured,  cavernous, 
and  in  parts  magnesian  ;  others  are  grey,  even  lightish  blue,  and  become,  in  parts, 
so  sdiceous  as  almost  to  resemble  chalk-Hints.  Greenish -coloured  calcareous  Hag- 
stones  also  occur,  and  near  the  summit  of  the  calcareous  mass  is  a  thin  course  of 
fostid,  dark-coloured,  bituminous  limestone  passing  into  tufa.  The  fossil9  are  the 
same  as  at  Verkni  Uslon,  and  among  these  the  Avicula  Kazanensis  and  the  Pro- 
ductus  Cancrini  are  the  most  abundant. 

Sviask,  upon  the  river  Sviaga,  is  built  upon  an  outlying  mass  of  the  limestone, 
as  represented  in  the  preceding  woodcut.  The  hills  to  the  east  or  on  the  right- 
hand  of  the  spectator  are  those  to  which  we  have  just  alluded,  where  the  limestone 
forms  the  bottom  of  the  cliffs  ;  whilst  those  on  the  left  and  in  the  distance,  i.  e.  to 

with  vigour  in  this  beautiful  and  well-regulated  city,  in  which  we  were  to  kindly  received,  mid  of  which 
we  retain  the  must  vivid  and  agreeable  recollection.*.  Alaa !  that  many  of  its  fine  buildings  should  have 
been  recently  destroyed  by  fire- !  We  rejoice,  however,  to  learn  that  the  calamity  did  not  seriously  affect 
the  University,  which  contains  roost  valuable  records,  antiquities  and  collections.  Under  the  able  direc- 
tion of  M.  Mussin  Puschkin,  seconded  as  he  is  by  some  of  the  ablest  professors  in  the  Russian  em- 
pire, this  establishment  ia  destined  to  play  a  noble  part  in  the  advancement  of  knowledge  among  the 
population  by  which  it  is  suriounded. 

■  Verkni  Uslon  is  the  post -station  nearest  to  Kazan  on  the  Moscow  road,  and  just  opposite  the  mouth 
of  the  river  Kaznnka,  which  flowing  by  Kazan,  here  empties  itself  into  the  great  stream. 
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the  south  and  west,  the  limestone  having  sunk  beneath  them,  are  entirely  corn- 


west  and  north,  and  of  which  we  shall  treat  hereafter.  The  cliff  exposed  on  the 
west  side  of  the  town  of  Sviask,  and  under  the  chief  monastery,  exhibits  about 
forty  feet  of  limestone,  covered  by  about  ten  to  twenty  feet  of  sand  and  detritus, 
viz. 

I .  Strong  beds  of  dark  grey,  bluish  limestone,  in  parts  earthy  and  foetid,  with  courses  of  flint.  1-  Grey  lime- 
stone. 3.  Marly  argillaceous  beds.  i.  Impure  limestone.  5.  Concretionary  strata  of  yellow  magncsian  lime- 
stone, with  nodules  of  pure  flint,  in  beds  from  three  to  fifteen  inches.  6.  Fissile  marls.  7.  Thin-bedded,  cream  - 
coloured,  yellow  and  white  marlv  limestone,  witb  conchoidal  fracture.  This  is  the  highest  bed  in  ritu.  The  fossils 
are  the  same  as  those  of  Verkni  L'slon  and  Shcvalaghecna,  in  short,  the  characteristic  forms  of  the  deposit  wherever 
we  have  examined  it. 

The  examination  of  this  limestone  in  the  environs  of  Kazan  affords  some  results 
of  interest,  for  it  proves  to  us,  first,  that  in  passing  from  east  to  west  the  lower  beds 
with  gypsum  gradually  disappear,  and  that  the  upper  masses  of  the  fossiliferous 
rock  are  eventually  lost  under  a  great  accumulation  of  variegated  marls  and  sands  ; 
secondly,  that  in  this  western  portion  of  its  range,  the  limestone  no  longer  inos- 
culates with  sands,  plants  and  copper  grits,  as  in  the  districts  nearer  to  the  Ural 
Mountains,  but  is  a  more  homogeneous  mass  of  calcareous  or  pure  siliceous  matter; 
and  lastly,  it  is  evident,  that  evcu  in  the  space  of  a  few  miles,  the  beds,  though 
containing  similar  fossils,  vary  exceedingly  in  their  lithological  structure. 

Western  and  Southern  Limits  of  the  Permian  Rock*  in  the  Governments  of  Nijni 
Novogorod  and  Simbirsk.  — In  reference  to  the  eastern  boundary  of  the  carboni- 
ferous limestone,  the  beds  of  which  with  Fusulina?  are  worked  at  the  village  of 
Schwctzi,  in  the  district  of  Sudovo,  thirty  to  forty  versts  north-west  of  Murom, 
we  may  now  observe,  that  the  nearest  beds  of  Permian  limestone  which  we  could 
detect  are  at  the  little  village  of  Tcplova  on  the  river  Tiosha.  Unfortunately  the 
space  between  these  two  limestones  of  different  age  (about  ninety  versts)  is  so  ob- 
scured by  loose  sand,  that  we  found  it  impossible  to  discover  the  succession  of 
strata  which  fill  up  this  interval.  In  our  journey  from  the  west,  it  was  at  the 
village  of  Teplova,  about  fifty-six  versts  west  of  Arzamas,  that  we  first  met  with 
the  limestone  of  which  we  are  now  treating.  The  beds  at  this  spot  are  yellowish 
(magnesian),  marly,  and  spotted  by  manganese,  with  some  disseminated  concre- 
tions of  flint.  Though  of  no  great  thickness  they  are  quarried  for  building  pur- 
poses. The  fossils  are  neither  abundant  nor  well-preserved,  but  among  these  are 
the  Retepores,  generally  found  in  the  range  of  the  system  through  Perm  and 


posed  of  the  overlying  marls  and  sands,  which  occupy  so  vast  a  space  to  the 
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Orenburg  (Retepora  fiustracea?),  the  smalt  spinose  Producti  and  casts  of  Turri- 
tella. 

Whenever  the  sands  which  cover  so  large  an  area  around  Murom  terminate, 
there  the  limestone  shows  itself,  but  as  you  approach  Arzamas  from  the  west,  it 
is  again  hid  by  a  wide  spread  of  black  earth  (Tchornozem) .  This  handsome  town, 
surrounded  by  the  limestone,  is  built  upon  an  elevated  terrace,  that  decreases  in 
height  towards  the  river  Tiosha,  on  the  banks  of  which  are  yellowish  white,  con- 
cretionary limestones,  covered  by  red  clay  and  marl.  The  river  runs  for  a  long 
space  through  similar  strata,  and  it  is  only  on  reaching  Nova  Salki  on  the  road 
to  Penza  (fifteen  versts  from  Arzamas),  that  the  section  is  of  real  interest.  Here 
the  limestone  becomes  harder  and  more  regularly  stratified,  with  some  finely  lami- 
nated, compact  beds,  separated  by  thick  bands  of  marl.  These  upper  rocks,  about 
forty  feet  thick,  repose  upon  white  gypsum,  and  are  covered  by  red  marls  like 
those  before  alluded  to  near  Kazan. 

Notwithstanding  the  concretionary  character  of  the  beds  in  one  section,  and 
their  more  regularly  stratified  appearance  in  another,  it  is  tmite  evident,  that  all 
these  masses  belong  to  the  same  group  ;  similar  fossils  being  disseminated  at  in- 
tervals. At  Novo  Salki  they  are  rare,  possibly  on  account  of  the  large  masses 
of  gypsum  which  take  the  place  of  the  limestone,  but  around  Arzamas  we  found 
a  spinose  Productus  absolutely  identical  with  a  species  not  uncommon  at  Huin- 
hleton  Hill  in  the  magnesian  limestone  of  England  (Sunderland)  ;  a  Terebratula 
closely  approaching  to  the  T.  Royssii  with  indeterminable  forms  of  Spirifcr,  Area, 
Sanguinolaria,  Modiola,  Avicula ,  Corbula,  Turritella  and  Pleurotomaria,  and  a 
Retepore  scarcely  distinguishable  from  R.  Jlustracea. 

The  river  Piana,  to  the  north-east  of  Arzamas,  affords  sections  not  less  instruct- 
ive than  those  of  the  Tiosha.  These  localities,  long  ago  described  by  Pallas  and 
Bince  adverted  to  by  Mr.  Strangways',  are  highly  interesting.  We  followed  the  banks 
of  the  river  for  some  distance  by  the  villages  of  Itshalki,  Kniaspavlova,  and  Barnii- 
kova,  and  ascertained  that  throughout  this  district  it  runs  in  Permian  limestones. 
The  hills  on  its  banks  have  often  very  irregular  surfaces,  sometimes  presenting 
great  cavities  due  to  subsidences,  caused  by  numerous  natural  caverns  of  gypsum 
which  forms  the  base  of  all  the  limestone  of  this  tract. 

At  Itshalki  the  limestone,  near  its  upper  limits,  is  so  charged  with  fossils, 
that  it  has  completely  the  aspect  of  a  tertiary  limestone,  in  which  the  shells  are 

'  Oeol.  Trmn*..  «>L  i.  p.  37. 
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scarcely  cemented  together.  This  analogy  is  still  more  striking  when  wc  find  that 
the  fossils  are  Retepores,  Modioli,  and  Ostrea,  the  latter  not  easily  distinguished 
from  the  species  of  more  modern  periods.  The  loosely  aggregated  and  detached 
shells  which  are  strewed  about  as  if  recently  abandoned  by  the  sea,  impressed 
us,  indeed,  so  much  with  the  idea  of  recent  deposits,  that  we  could  not  at  first 
bring  ourselves  to  reject  the  hypothesis  of  a  tertiary  basin  in  this  central  part  of 
Russia.  A  comparison,  however,  of  the  beds  of  Arzamas  with  those  on  the  Piana, 
soon  convinced  us  that  they  were  both  of  the  same  age  and  associated  with  the 
same  masses  of  gypsum  and  red  marl  ,  and  a  closer  examination  taught  us,  that 
the  Retepore,  which  from  its  colour,  isolation  and  conservation  had  so  fresh  an 
appearance,  was  the  same  species  as  that  found  in  the  Permian  system  of  other 
parts  of  Russia.  Lastly,  we  observed  Producti  and  Spirifers  in  the  continuation  of 
the  oyster  beds,  containing  also  the  same  Retepore  and  equally  lying  between  the 
gypsum  and  the  red  marls. 

The  interest  attached  to  these  highly  fossiliferous  strata  induces  us  to  offer  a  few 
more  words  upon  the  sections  of  the  Piana. 

Itshalki.— Beneath  the  red  and  white  marls  which  occupy  the  summits  of  the 
hills  at  this  spot,  are  seen  the  shelly  beds  which  vary  in  very  short  distances,  in 
the  state  of  aggregation  of  the  fossils,  and  it  was  in  one  spot  only  that  we  disco- 
vered them  in  the  above-mentioned  isolated  condition.  The  lower  beds  appeared 
for  the  most  part  to  be  the  more  consolidated.  The  gypsum  is  not  visible  here, 
but  from  the  rapid  undulations  and  circular  depressions  of  the  surface,  which  re- 
minded us  of  similar  forms  in  the  gypseous  tracts  upon  the  river  Ik,  in  the  govern- 
ment of  Orenburg  (p.  156),  and  also  in  tracts  where  the  same  rocks  will  be  pre- 
sently shown  to  abound  near  Pinega  in  the  north,  we  had  no  doubt  that  the 
gypsum  was  immediately  beneath  us.  This  locality  is  unquestionably  richer  in 
well-preserved  shells  than  any  we  are  acquainted  with  in  the  whole  range  of  the 
Permian  system,  and  our  successors  who  may  be  able  to  devote  a  few  days  to  the 
collection  of  its  fossils  may  probably  add  new  and  important  forms  to  our  lists. 
In  the  mean  time  we  have  discovered  two  species  of  Ostrca,  one  of  which  entirely 
disengaged  from  its  hinge,  leaves  no  sort  of  doubt  of  the  genus  to  which  it  belongs. 
It  is  scarcely  necessary  for  us  to  acquaint  geologists  that  up  to  the  present  time 
the  Ostracea?  have  never  been  found  below  the  Muschelkalk.  The  appearance 
therefore  of  this  genus,  whose  species  rapidly  augment  in  the  ascending  order  of 
formations,  and  no  one  of  which  has  ever  been  discovered  in  the  carboniferous 
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limestone  or  inferior  rocks,  whether  in  Russia  or  in  the  west  of  Europe,  is,  toge- 
ther with  the  presence  of  Saurians,  a  good  zoological  reason  for  distinguishing 
the  Permian  system  from  all  accumulations  of  higher  antiquity. 

Among  the  other  fossils  of  Itshalki,  the  Modioke  are  so  abundant,  that  the  rock 
might  be  called  "  Modiola  Limestone,"  and  it  is  of  great  interest  to  observe,  that 
the  dominant  species  so  closely  approaches  to  one  which  occurs  near  Sunderland, 
that  the  only  difference  is  in  the  lesser  size  of  the  English  specimen.  The  Re- 
tepores  are  also  abundant,  and  are  all  but  identical  with  the  R.  flustracea  of  the 
Euglish  Magnesian  Limestone.  A  smooth  Terebratula  near  to  T.  elongata  (Schlot- 
heim) ,  a  Turritella,  and  a  little  Natica,  very  much  resembling  the  N.  variata  (Phill.) , 
are  also  found  here. 

Between  Itshalki  and  Barnukova,  and  on  the  opposite  bank  of  the  Piana,  is 
the  little  village  of  Kniaspavlova,  near  which  are  hillocks  of  white  gypsum  and 
limestone,  containing  the  small  Productus  Cancrini,  with  Avicula,  Terebratula  elon- 
gata, Retepores,  &c.  In  ascending  the  stream  the  masses  of  white  gypsum  expand 
considerably,  as  you  approach  Barnukova,  where  they  form  a  cliff  not  less  than 
eighty  feet  high1.  The  succession  of  the  strata  is  precisely  similar,  however,  to 
that  of  Arzamas.  The  caverns  in  this  fine  mass  of  alabaster  have  been  accurately 
described  by  Pallas  and  Strangways.  Though  larger,  they  are,  as  before  said, 
alike  in  kind  to  those  upon  the  Ik,  and  similar  cavities  will  be  mentioned  in  the 
next  chapter  near  Pinega,  in  the  government  of  Archangel.  They  have  always 
excited  the  curiosity  of  the  inhabitants  and  attracted  the  attention  of  naturalists, 
but  notwithstanding  their  celebrity,  no  one  had  attempted  to  define  the  geolo- 
gical age  of  the  rocks  in  which  they  occur,  before  the  period  of  our  visit.  The 
gypsum,  in  its  pure  white  and  saccharoid  condition,  appears  to  have  a  great  de- 
velopment at  this  place,  for  besides  the  vertical  wall  of  seventy  or  eighty  feet, 
the  spacious  caverns  which  have  been  opened  out  in  it  do  not  reach  to  the  ex- 
tremity of  the  great  concretion.  In  a  word,  this  rock  of  alabaster  is  identical 
with  masses  in  other  parts  of  Russia,  and  also  with  those  of  the  same  age  on 
the  south-eastern  and  southern  flanks  of  the  Hartz.  It  is  covered  by  a  calcareous 
breccia  inclosing  angular  fragments  of  a  reddish  limestone,  and  this  bed  is  fol- 
lowed by  others,  of  friable  marly  limestone  filled  with  shells,  particularly  Modiola? 
and  Ostrcae. 

1  This  cliff  is  a  little  diitant  from  the  river,  and  in  the  ground*  of  M.  KUiileff.  now  the  Imperial 
Charge  d'affaires  at  Pari». 
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The  ascending  section  terminates,  as  is  usual  in  all  these  districts,  with  red 
argillaceous  marl,  containing  some  small  concretions  of  gypsum  and  courses  of 
marlstone.    The  whole  of  the  beds  are  perfectly  horizontal. 

We  could  have  wished  that  our  time  had  permitted  us  to  examine  the  range  of 
the  Permian  deposits  in  all  other  parts  of  this  district.  By  inspection  of  the  Map, 
however,  it  will  be  seen,  that  they  are  covered  to  the  south  by  secondary  formations 
(Jurassic  and  Cretaceous),  a  fact  which  we  ascertained  by  passing  southwards  to 
Simbirsk  and  Sysran. 

Origin  of  the  Copper  Sands  and  Marls. — It  has  been  more  than  once  stated  in 
this  chapter,  and  a  reference  to  the  Map  on  which  the  boundary  is  defined  explains 
the  fact,  that  the  portion  of  the  Permian  strata  which  is  cupriferous,  extends  for  a 
certain  distance  only  to  the  west  of  the  Ural  chain  (on  the  average  from  400  to 
500  versts)1.  In  all  the  Permian  tracts  more  distant  from  these  mountains,  no  trace 
of  copper  ore  is  to  be  found.  These  circumstances  alone  would  naturally  lead  to 
the  belief,  that  the  Ural  mountains  had  afforded  the  sources  from  whence  the 
mineral  matter  proceeded. 

As  we  shall  hereafter  show  that  this  chain  was,  in  remote  periods,  the  seat  of 
processes  of  intense  metamorphism,  during  which  copper  veins  were  abundantly 
formed  in  the  older  palaeozoic  rocks,  we  are  naturally  led  to  suppose,  that  such 
operations  may  have  had  some  connection  with  the  deposit  of  the  adjacent  copper 
sands  and  marls.  But  in  what  manner  were  the  latter  rendered  cupriferous  ?  Not 
certainly  by  the  degradation  of  pre-existing  copper  lodes,  and  by  the  dissemination 
of  their  particles  in  the  adjoining  sea,  for  in  no  instance  do  wc  find  such  frag- 
ments ;  the  fact  being,  that  beds  composed  of  similar  materials  are  so  impregnated 
with  the  mineral  in  one  spot  and  so  void  of  it  in  a  contiguous  locality,  as  to  ex- 
clude the  hypothesis,  that  this  locally  saturated  mineral  condition  can  have  resulted 
from  the  grinding  down  of  the  detritus  of  other  cupriferous  rocks.  We  are  in- 
clined, therefore,  to  believe,  that  when  the  Permian  deposits  were  accumulating 
in  the  adjacent  sea,  springs  charged  with  salts  of  copper  were  flowing  into  it  from 
the  Ural  chain,  then  undergoing  a  peculiar  change  of  composition,  and  that  such 
springs  deposited  the  greater  part  of  their  metallic  contents  in  those  portions  of 
the  bottom  of  the  sea  which  afforded  to  them  the  strongest  points  of  attraction. 

1  In  the  marly,  sandy  and  calcareous  tracts  funning  the  left  bank  of  the  Volga,  copper  ore*  were  for- 
merly extracted  at  no  great  distance  from  that  river.  These  deposits  were,  however,  much  leas  rich  in 
ore  than  those  nearer  to  the  Ural  chain,  and  they  have  been  exhausted.  Pallas  alludes  to  copper  ore*  on 
the  river  Kmc),  not  far  to  the  east  of  Samara. 
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Now  we  have  stated,  that  the  disseminated  copper  ore  in  the  regions  on  the 
west  flank  of  the  Ural  is  invariably  most  abundant  when  it  is  associated  with  the 
stems,  branches  or  leaves  of  fossil  trees,  which  formerly  growing  on  the  contiguous 
mountains,  were  doubtless  washed  down  from  them  before  or  during  the  same 
period.  If  this  be  a  fair  statement  of  the  former  existing  conditions,  we  have  acci- 
dentally been  furnished  with  a  modern  analogy,  which  seems  satisfactorily  to 
explain  why  the  ancient  copper  sources  of  the  Ural  acted  so  peculiarly  upon  the 
vegetables  of  that  ancient  rera. 

Some  years  ago  a  peat  bog  near  Dolgelle  in  North  Wales  was  found  to  contain  so 
much  copper,  that  certain  speculators  dug  out  the  peat,  and  burning  it,  extracted 
a  small  quantity  of  ore.  Fortunately  for  science,  some  specimens  of  the  cupri- 
ferous vegetables  were  given  to  that  able  geologist  and  good  chemist  Mr.  A.  Aikin, 
who  has  kindly  furnished  us  with  this  account  of  the  phenomena.  "  The  peat 
was  black,  compact,  and  differed  from  the  ordinary  appearance  of  that  substance,  in 
containing  a  few  small  bits  of  bluish-green,  compact  carbonate  of  copper.  The 
pieces  of  wood  were  cylindrical,  each  two  or  three  inches  long,  and  one  inch  or 
more  in  diameter,  in  a  perfectly  sound  state,  and  seemed  to  be  parts  of  a  recent 
braneh  of  oak.  The  transverse  section  of  these  specimens  showed  bluish  or  greenish 
stains,  indicative  of  the  presence  of  some  salt  of  copper,  and  also  grains  of  irre- 
gular form  of  copper  in  the  metallic  state.  The  copper  contained  in  the  bog  proba- 
bly originated  from  copper  pyrites  (a  mixture  or  compound  of  the  sulphurets  of  iron 
and  copper),  forming  a  vein,  or  dispersed  in  grains  in  some  rock  so  situated,  that 
rain-water  falling  on  its  surface  and  there  dissolving  them,  the  mixed  sulphurets  of 
iron  and  copper  derived  from  the  decomposition  of  the  above-mentioned  sulphu- 
rets, might  flow  down  into  the  bog.  Bog-water  contains  vegetable  acid  and  ex- 
tractive matter  proceeding  from  the  conversion  of  recent  vegetables  into  peat,  which 
substances,  together  with  the  carburetted  hydrogen  gas,  evolved  during  such  con- 
version, would  be  quite  adequate  to  the  production  of  metallic  copper  and  its 
carbonate,  especially  when  assisted  by  the  action  of  the  oxide  of  iron  contained  in 
vegetables." 

This  observation  has  thus,  it  appears  to  us,  thrown  a  clear  light  on  the  origin 
of  the  most  widely-spread  cupriferous  deposits  hitherto  observed  in  the  crust 
of  the  globe.  In  no  part  of  this  vast  copper  region  is  there  a  trace  of  a  true 
vein,  which  proceeding  from  beneath  and  traversing  various  strata,  might  be  sup- 
posed to  have  been  formed  by  igneous  or  metamorphic  action  upon  strata  pre- 
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viously  consolidated.  On  the  contrary,  every  portion  of  the  ore  being  interlami- 
nated  with  the  beds,  or  irregularly  diffused,  at  intervals,  throughout  them,  the  most 
rational  and  satisfactory  explanation  of  its  deposit  is  afforded  by  the  modern  ana- 
logy ;  the  difference  consisting  in  the  Russian  accumulations  not  having  been 
formed  under  the  atmosphere  like  that  of  the  Welsh  peat  bog,  but  beneath  an  ad- 
jacent sea,  into  which  the  rivers  and  springs  of  the  primaeval  Ural  poured  their 
mineral  contents. 

In  adopting  this  hypothesis,  we  are,  we  confess,  bound  to  admit,  that  a  similar 
explanation  may  be  applied  to  the  origin  of  the  native  sulphur  and  also  to  the 
sulphureous  and  asphaltic  springs  which  issue  from  the  Permian  rocks  around 
Sergiefsk  (p.  158)  ;  for  as  copper  ores  occur  in  the  same  horizon,  so  is  it  by  no 
means  unlikely,  that  whilst  eruptions  were  in  full  activity  in  the  Ural  Mountains, 
some  mineral  sources,  either  connected  with  the  igneous  operations  affecting  that 
chain,  or  rising  contemporaneously  from  lissures  beneath  the  adjacent  sea,  may 
have  deposited  native  sulphur  and  asphalt,  whilst  other  springs  and  currents  were 
impregnating  with  copper  the  surrounding  sediments  of  the  Permian  epoch.  We 
shall  return  to  the  consideration  of  this  theoretical  point  in  treating  of  the  Ural 
mountains  (see  Part  II.). 
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CHAPTER  IX. 


PERMIAN  ROCKS  OF  THE  NORTH  ON  THE  RIVERS  DWINA  AND 
PINEGA  — OVERLYING  RED  DEPOSITS  OF  THE  CENTRAL  AND 
SOUTHERN  REGIONS  — ORGANIC  REMAINS  AND  CONCLUSIONS. 

Sections  of  the  Gypsiferous  Rocks  overlying  the  Carboniferous  Limestone,  on  the  Pinega 
and  Dwina  Rivers. — Zechstein  of  Ust  Vaga  and  Kiriloff. — Sections  of  overlying 
red  and  green  Marls  and  Sands,  with  Tufaceous  Limestone  from  Ust-Vaga  to 
Ustiug-Velilii. — Sections  on  the  banks  of  the  rivers  Strelna  and  Suchona. — Totma 
and  its  Salt  Springs. — Vologda,  Ustiujnitz,  fyc. — Sections  on  the  Volga  beloic 
Kostroma,  and  from  Jurievitz  by  Balachna,  to  Nijni  Novogorod. — Relations  of  red 
Deposits  on  the  Volga  to  the  Limestone  of  Kazan  and  Sviask.—Red  and  Gypsiferous 
Sands  and  Marls  of  the  Oka. — Fossiliferous  red  Marls  of  Viasniki  on  the  Kliasma. 
— Rock  Salt  and  Gypsutn  of  Illetzkaya-Zastchita  (Orenburg). — Detached  Saliferous 
Rocks  in  the  Steppes  of  Astrakhan. — Mount  Bogdo  and  doubts  concerning  its  age. — 
Revieie  of  the  Organic  Remains  of  the  Permian  System  and  associated  Rocks. 

HAVING  indicated  the  relations  of  that  member  of  the  Permian  series,  which 
unquestionably  represents  the  Zechstein,  to  gypsiferous  and  other  masses  beneath 
it  and  to  a  wide  expanse  of  conglomerate,  red  marl  and  sand  above  it,  in  the 
governments  of  Nijni  Novogorod,  Simbirsk,  &c,  we  shall  in  this  chapter  offer 
independent  proofs  of  a  similar  succession  on  the  banks  of  the  rivers  Pinega  and 
Dwina.  A  sketch  will  then  follow,  of  the  overlying  red  deposits  in  the  govern- 
ments of  Vologda,  Kostroma,  &c,  showing  that  they  are  confluent  with  those  of 
the  Volga.  Directing  attention  to  similar  rocks  which  extend  into  the  southern 
steppes,  we  shall  next  indicate  how  the  masses  which  are  there  highly  saliferous, 
are  overlaid  by  a  peculiar  and  distinct  fossiliferous  limestone  ,  the  survey  of  the 
great  red  basin  under  review  being  concluded  with  a  general  account  of  the  Per- 
mian organic  remains. 
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The  rocks  which  are  exposed  in  ascending  the  river  Dwina  from  Archangel  to 
Ustiug- Veliki,  a  distance  of  about  600  versts,  exhibit,  with  some  modifications,  a 
succession  similar  to  that  which  has  been  described  in  proceeding  from  the  western 
flanks  of  the  Ural  Mountains  to  the  interior  of  the  governments  of  Orenburg  and 
Kazan.  The  great  band  of  carboniferous  limestone  which  traverses  the  Dwina 
above  its  embouchure,  has  already  been  spoken  of,  and  our  first  point  is  to  show, 
that  it  is  succeeded  by  newer  fonnations  on  the  south  ■riMMMpnnito 
■kHkMMm  In  our  journey  up  the  banks  of  the  Dwina,  we  naturally  met 
with  newer  deposits  -  for  even  supposing  that  the  strata,  partaking  of  the  very 
great  flatness  of  this  region,  were  entirely  horizoutal,  still  in  ascending  this  great 
river  for  several  hundred  miles,  wc  inferred,  that  as  we  gained  a  higher  level,  so 
should  we  arrive  at  newer  formations.  The  stream  is,  indeed,  known  to  have  a 
pretty  rapid  descent,  and  Ustiug  lies  at  about  300  feet  above  the  sea.  While  one 
of  our  parties  examined  the  coasts  of  the  White  Sea1,  the  other  (so  limited  was  our 
time)  explored  the  river  Pinega  or  eastern  tributary  of  the  Dwina4. 

Section  of  the  Pinega. — We  will  first  briefly  describe  the  order  on  the  Pinega. 
In  ascending  this  river,  extensive  masses  of  carboniferous  limestone,  with  Product™ 
antiquatus,  appear  at  intervals  through  the  drift  and  sand,  and  are  succeeded  at 
the  village  of  Uksenskaya,  by  other  bands  of  the  same  limestone  in  which  many 
other  carboniferous  fossils  occur.  Although  we  had  not  leisure  to  ascertain  the 
fact,  we  think  it  is  highly  probable  that,  by  exploring  the  picturesque  adjacent 
gorge  of  the  Tinga,  a  junction  might  be  detected  between  those  carboniferous 
rocks,  there  very  much  developed,  and  certain  overlying  gypBiferous  strata  which 
we  class  with  the  Permian  system.  The  road,  as  is  usual  in  Russia,  being  carried 
over  the  higher  ground  and  the  river  flowing  in  an  alluvial  valley  filled  with  much 
detritus,  we  were  prevented,  throughout  a  space  of  about  twenty-six  versts,  from 
tracing  all  the  links  of  succession  ;  but  on  rejoining  the  stream  we  observed,  at  four 
versts  beyond  the  station  of  Kuzomenskaya,  large  masses  of  gypsum  occupying  the 
cliffs,  to  heightB  of  thirty  or  forty  feet.  We  ascertained  that  this  gypsum,  having  a 
small  course  of  limestone  subordinate  to  it,  is  continuous  from  this  point  (fifty- 
five  versts  south-west  of  Pinega,  to  twelve  versts  above  that  town),  and  we  have 
no  doubt  that  it  spreads  over  a  considerable  region  to  the  north-east.  At  two 
or  three  versts  above  the  station  of  Beschkom,  on  the  right  bank  of  the  river, 
the  gypsum,  in  the  form  of  brilliantly  white  alabaster,  forms  cliffs,  and  alternates 

•  Mr.  MurchUon  and  Count  Keywrling.  1  M.  de  Verncuil  and  Lieut.  Koluharof. 
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with  courses  of  limestone.  In  the  latter  wc  sought  diligently  for  fossils,  notwith- 
standing torrents  of  rain  and  the  persecution  of  myriads  of  mosquitoes,  whose 
numbers  seemed  to  be  greater  than  the  drops  of  water  in  the  storm1.  The  thickest 
course  of  dividing  limestone  at  this  spot  never  exceeds  two  or  three  feet,  and 
the  rock  is  very  fissile,  marly,  and  void  of  fossils.  On  the  banks  of  the  river  above 
Pinega,  the  cliff'  is  composed  in  ascending  order  of— 1.  Ten  to  twelve  feet  of  thin- 
bedded  limestone,  the  bottom  beds  of  which  are  charged  with  Turritellse,  Aviculse, 
Turbo,  and  other  forms  dissimilar  from  carboniferous  fossils.  2.  Gypsum,  with 
some  thin  courses  of  marly  limestone.  3.  Band  of  limestone  two  or  three  feet 
thick.  4.  White  gypsum.  5.  Red  crystalline  gypsum.  G.  Red  aud  argillaceous 
sandstone,  with  small  intermixed  concretions  of  gypsum. 

In  a  word,  the  banks  of  the  Pinega  clearly  showed  (all  the  strata  being  hori- 
zontal) ,  that  the  carboniferous  limestone  was  overlaid  by  the  gypsiferous  or  lower 
bands  of  the  Permian  system. 

Ascent  of  the  Dwina. — Limestone  with  Gypsum,  Maria  and  Sands. — Limestone 
with  Fossils  of  the  Zechstein. — Overlying  Sands,  Marls  and  Tufaceotis  Limestones. — 
In  ascending  the  Dwina,  from  the  same  base  of  carboniferous  limestone  to  which 
allusion  has  just  been  made,  and  after  travelling  over  much  sand  and  detritus,  we  fell 
in  with  cliffs  of  gypsum  and  thin  courses  of  limestone,  exactly  similar  to  those  of 
the  Pinega.  These  first  begin  to  show  themselves  on  the  left  bank,  at  about  three 
versts  north  of  the  post-station  of  Zaborskaya,  where  the  gypsum  is  both  red  and 
white.  First  ranging  on  the  level  of  the  river,  these  bands  rise  gradually  to  about 
fifteen  versts  from  Kaletzkaya,  where  they  form  cliffs  from  forty  to  fifty  feet  high. 
The  red  courses  then  disappear,  and  the  whole  being  pure  white,  the  effect  upon  the 
eye  is  that  of  a  continuous  band  of  snow  or  ice,  surmounted  by  a  dark  green  fine 
of  fir-trees,  as  seen  on  both  banks  of  a  noble  river,  two-thirds  of  an  English  mile 
in  width,  and  for  a  distance  of  more  than  twenty  versts.  In  a  word,  the  Dwina 
here  runs  in  a  long  gorge  of  alabaster. 

This  gypsum  is  then  clearly  subordinate  to  the  Permian  system,  being  precisely 

'  The  case  containing  these  fossils  was  unfortunately  lout.  We  may  here  observe,  that  mosquitoes 
constitute  the  chief  impediment  to  geological  research  during  the  hot  summer  months,  in  all  these  high 
latitudes,  and  particularly  where  wood  and  water  abound.  The  hardy  natives  even  are  compelled  to  work 
in  cowls,  like  those  of  Capucin  friars,  through  which  their  eyes,  nose  and  mouth  only  are  seen  ;  and  wc 
were  driven  to  the  use  of  masks  and  veils. 

«  In  tins  cliff  a  large  cavern  exists,  used  by  the  peasants  for  cellarage  and  said  to  be  two  versts 
long. 

2  A 
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in  the  game  position  in  relation  to  the  carboniferous  rocks,  as  the  great  masses 
described  in  the  last  chapter,  which  flank  the  Ural  Mountains.  The  following 
woodcut  will  convey  an  adequate  idea  of  how  these  gypsiferous  beds  (6)  overlying 
the  carboniferous  limestone  (a)  pass  under  other  beds  of  the  Permian  system  (c 
and  d).  The  gypsum  is  occasionally  seen  to  assume  large  concretionary  forms, 
which  rise  up  and  cut  in  dyke-shapes  through  the  horizontal  layers.  The  layer  of 
limestone  in  the  centre  of  the  cliff,  though  often  not  exceeding  a  foot  in  thickness, 
is  very  persistent,  and  is  marked  by  containing  one  or  two  peculiar  fossils,  the  casts 
of  which  are  sometimes  occupied  with  a  pellicle  of  green  earth.  The  shells  arc, 
for  the  most  part,  Avicula?.  These  calcareous  and  gypseous  courses  are  associated 
with  and  dip  under  red  and  green  marls  (c),  which  entirely  occupy  the  banks  higher 
up  the  stream,  and  on  the  Pianda,  a  western  tributary  of  the  Dwina,  we  found 
other  small  flattened  concretions  of  pink-coloured  gypsum,  subordinate  to  spotted 
marls  and  a  thick  red  soft  sandstone. 

29. 

r  -   mnra— : — -  -^r^Tirrir n~      T  "rn  r~  t  rr^Ti  i  ill  1. 1  utT,  a»^TPTT!flB& 

»  *  4 

On  the  Dwina,  near  Schcstozerskaya  (where  we  first  discovered  overlying  mo- 
dern sea-shells  hereafter  to  be  described),  the  lower  mass  consisted  of  bands  of 
gypsum,  coloured  by  red  marls,  with  white  and  pure  thick-bedded  gypsum. 
Still  further  to  the  south,  other  white  limestones  reappear,  and  these  contain  the 
same  small  Aviculaj  as  lower  down  the  Dwina,  with  other  shells,  and  finally  an- 
other limestone  (d)  succeeds,  which  is  exposed  both  at  Shidrova  on  the  Dwina, 
five  versts  below  the  mouth  of  the  Vaga,  and  also  on  the  south  bank  of  that  river 
immediately  beyond  the  ferry. 

The  strata  near  the  water's  edge  at  Ust-Vaga,  consist  of  impure  sandy  lime- 
stone, in  parts  almost  a  dingy,  dark  green  calcareous  sandstone,  not  much 
unlike  some  varieties  of  the  Lower  Greensand,  covered  by  beds  of  dirty  grey 
limestone,  loaded  with  the  following  fossils,  viz.  Producttu  horrescens  (nob.), 
Terebratula  Schlotheimii  ?  (Buch.),  Calamopora  fibrosa,  var.  ramosa,  all  of  which 
belong  to  the  true  Zechstein  division  of  the  Permian  system '.  Independent,  there- 
fore, of  the  inference,  a  priori,  that  in  ascending  the  Dwina  to  higher  lands,  we 
necessarily  reach  newer  strata,  it  is  clear  that  from  the  moment  we  quitted  the 

1  We  shall  afterwards  show  how  these  ancient  limestone*  are  covered  by  hands  of  blue  clay,  sand*  and 
gravel ,  with  exutwg  species  of  shell*  of  Arctic  character,  like  those  at  Schestozerskaya. 
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great  band  of  carboniferous  limestone,  we  had  been  passing  over  strata  dissimilar, 
both  in  mineral  characters  and  zoological  contents,  from  that  well-known  rock  and 
all  the  inferior  deposits. 

A  parallel  transverse  section  across  the  calcareous  zone  to  Kirilof,  north  of  Vo- 
logda, establishes  the  same  succession,  to  strata  equally  unlike  the  carboniferous 
types  as  those  we  have  just  described  j  for  a  little  to  the  north  of  the  former 
town,  the  Baron  von  Meyendorf  and  Professor  Blasius,  in  a  traverse  from  Vitegra 
to  Ustiug',  detected  white  marls  and  limestones  charged  with  fossils,  some  of  which 
are  identical  with  those  of  Ust-Vaga,  such  as  the  well-characterized  Productus  hor- 
rescens  ;  whilst  others  are  peculiar  to  this  locality,  viz.  Pentamerus  superstes  (nob.), 
Spirifer  Blasii  (nob.),  and  a  Terebratula  closely  resembling  T.  Royssii  (L'Eveilhf). 

We  were  unable  to  trace  distinctly  the  steps  of  a  further  ascending  series  into 
deposits  clearly  characterized  by  fossils. 

Red  Series  above  the  Fossiliferous  Limestones. — In  travelling  up  the  Dwina,  for 
300  vcrsts,  we  had  been  led,  step  by  step,  as  above  stated,  through  deposits  unlike 
any  of  the  inferior  rocks  of  Russia,  both  in  zoological  contents  and  mineral  struc- 
ture, and  on  further  ascending  the  stream,  it  became  evident,  so  horizontal  were  the 
strata,  that  the  red  and  green  marls  and  sands  which  occupied  its  banks,  must 
belong  to  still  younger  deposits.  After  long  and  fruitless  journeys  to  detect  any 
further  order  of  superposition,  or  any  new  fossils  between  the  Permian  limestones 
and  certain  Jurassic  strata,  to  be  described  in  the  next  chapter,  it  is  with  great 
hesitation  that  we  place  (even  provisionally)  any  portion  of  the  strata  in  the  inte- 
rior of  the  province  of  Vologda  and  the  adjacent  governments  of  Kostroma,  Nijni 
Novogorod,  &c.  in  a  newer  system  than  the  Permian,  strictly  so  called  (see  lighter 
tint  of  Permian  colour  on  the  Map  and  Table  marked  No.  5.). 

To  enable  our  readers  to  judge  of  the  amount  of  evidence  we  possess,  we  will 
now  successively  describe  the  natural  appearances  seen  in  the  ascent  of  the  Dwina 
to  Ustiug- Veliki,  in  a  traverse  to  Vologda  by  the  Suchona  and  Strelna  rivers,  in 
an  exploration  of  the  northern  and  western  limits  of  these  deposits,  and  in  a  descent 
of  the  Volga,  from  Kostroma,  to  Nijni  Novogorod.  Lastly,  we  will  show  that  all 
the  masses  near  the  last-mentioned  city  are  continuous  with  the  red  strata  which 
overlie  the  Permian  limestones  on  the  Volga,  and  extend  to  the  Kliasma  on  the 
west. 

i  Whilst  we  were  ascending  the  Dwina  in  1H40,  from  Archangel  to  Uatiug.  Baron  A.  von  Meyendorf, 
Profe«»ur  Bkniua  and  M.  Zinovief  pawed  direct  from  Vitegra  to  Ustiug.  where  we  met  them. 
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ASCENT  OF  THE  DWINA — KRASNOBORSK. 


The  road  which  leads  from  Ust-Vaga  to  Ustiug,  runs  for  some  miles  at  a  short 
distance  from  the  Dwina,  and  the  great  thickness  of  the  drift  sands  which  here 
encumber  the  surface  prevented  our  seeing  the  fundamental  rocks.  Reddish  cliffs, 
however,  showed  themselves  as  soon  as  we  regained  the  river  banks.  At  Zastrova, 
six  versts  north  of  Zaletzkaya,  the  beds  consist  of  a  dullish  red  and  yellowish  sand- 
stone, in  parts  brick  red,  with  traces  of  fucoid-like  casts.  These  sandstones  are 
subordinate  to  argillaceous  red  marls  which  have  been,  here  and  there,  much  broken 
up.  The  vegetation  now  begins  to  assume  a  more  southern  aspect.  Hops  arc 
seen  in  cottage  gardens,  and  the  larch  thrives  well  on  the  undulating  sandy  grounds 
by  which  you  pass  from  Archangel  into  the  vast  government  of  Vologda. 

Near  Larionofskaya,  a  very  poor  hamlet,  the  banks  of  the  Dwina  exhibit  red  marls 
divided  by  a  course  of  whitish  marlstone',  and  the  same  features  are  continued  in 
cliffs  of  some  altitude.  On  reaching  the  river  banks  further  to  the  south,  we 
found  them  to  be  composed  of  marls  having  a  conchoidal  fracture.  We  regretted, 
for  a  time,  that  we  had  not  further  examined  the  cliffs  near  Larionofskaya  ;  but  we 
afterwards  ascertained,  that  similar  beds  extend  over  nearly  the  whole  province,  and 
that  we  had  already  passed  far  beyond  their  line  of  junction  with  the  inferior  fos- 
siliferous  limestone.  Again,  for  some  distance  to  the  south  of  Soiga,  where  the 
red  marls  appear,  the  country  is  more  than  usually  covered  up,  the  sands  having 
given  way  to  a  covering  of  tenacious,  light-coloured,  drift-clay.  In  traversing  this 
clayey  tract,  we  speculated  on  the  possibility  that  a  district,  in  which  arable  land 
and  rich  meadows  had  taken  the  place  of  the  northern  forests,  might  contain  some 
strata  of  a  different  nature  ;  but  when  we  again  came  upon  a  denuded  portion,  the 
same  red  and  spotted  marl  peeped  out  again  from  beneath  the  fine  alluvial  mould 
of  the  surface,  occasionally  strewed  over  with  northern  boulders.  The  only  new 
features  were  thin  bands  of  a  calcareous  grit,  in  parts  almost  a  conglomerate,  with 
fragments  of  flinty  slate,  &c,  which  pass  into  an  impure  limestone  or  cornstone. 

The  country  near  the  town  of  Krasnoborsk  is  much  intersected  by  ravines 
which  run  from  east  to  west,  and  in  crossing  them  we  examined  several  sections  of 
the  red  marls,  subdivided  at  intervals  by  courses  of  brownish  red  calcareous  grit 
and  conglomerate.  If  mineral  character  were  to  be  taken  as  a  proof  of  their  age, 
we  might  say  that  these  rocks  much  resemble  some  of  the  bands  in  the  Lower 
New  Red  Sandstone  of  England,  particularly  in  containing  yellow  roagnesian 

•  To  make  a  perfect  section,  we  should  recommend  future  geologists  to  embark  at  Ustiug,  and  dttcrnd 
the  Dwina  to  its  embouchure. 


USTIUG- VELIKI — STRELNA — SUCHONA. 


177 


cavities,  black  flinty  and  quartz  pebbles,  &c.  in  a  calcareous  cement  of  brown,  red 
and  green  colours.  Such  beds,  in  short,  might  represent  some  of  the  equivalents  of 
the  Dolomitic  conglomerate  in  Worcestershire ;  and  we  must  allow  that,  after  all, 
they  are  not  unlike  certain  strata  which  in  the  previous  chapter  we  have  enu- 
merated as  Permian. 

In  our  examination  of  these  conglomerates,  we  could  detect  no  fragments  of 
the  carboniferous  limestone,  which  might  be  expected  to  exist  in  accumulations 
of  posterior  age.  Yet  here  we  must  caution  our  friends  who  have  studied  the 
earth's  surface  in  the  dislucated  and  elevated  regions  of  the  west  only,  where  hard 
and  crystalline  rocks  abound,  against  the  adoption  of  such  reasoning;  for 
on  the  northern  limits  of  this  region,  the  greater  portion  of  the  carboniferous 
limestone  is  a  soft  and  tertiary-like  deposit,  which,  from  its  horizontal  and  un- 
broken condition,  can  never  have  afforded  any  quantity  of  solid  detritus.  It  would, 
therefore,  be  unreasonable  to  look  for  fragments  of  it  in  the  conglomerates  which 
make  part  of  the  red  deposits  by  which  its  edges  are  conformably  overlaid.  The 
great  breaking  up  of  the  surface  of  this  limestone  and  the  transportation  of  its 
flints,  to  which  we  shall  hereafter  allude,  took  place  long  afterwards,  and  is  con- 
nected with  more  recent  geological  phenomena. 

The  tracts  around  Ustiug,  as  laid  open  by  the  rivers  Suchona,  Dwina,  &c,  are 
all  composed  of  sands,  red  and  green  marls,  and  white  tufaceous  limestones. 
Sihcified  trees,  sometimes  of  great  size,  are  found  in  the  sands,  and  these,  we 
believe,  are  similar  in  kind  to  those  in  Perm  and  Orenburg,  to  which  we  have 
previously  alluded '.    No  copper  ore,  however,  is  associated  with  them. 

Sections  of  the  Strelna  and  Suchona  rivers.— Salt  Springs  of  Tot  ma,  fife— The 
chief  distinctions  in  the  great  masses  of  red  and  green  marl,  which  are  seen  in 
ascending  the  banks  of  the  river  Suchona  from  Ustiug  to  Vologda,  are  thick 
bands  of  dull  whitish,  argillaceous  limestone,  very  much  resembling  the  bands 
which  occur  in  the  Lower  New  Red  Sandstone,  as  well  indeed  as  the  cornstones  of 

1  Though  Ustiug  is  not  yet  a  city  of  the  first  class,  it  seeins  well  entitled  to  be  so  considered,  both 
from  its  buildings,  active  population,  fine  situation,  and  as  being  the  real  metropolis  of  a  vast  country. 
In  an  instructive  statistical  chart  of  Russia,  recently  published  by  the  Baron  A.  von  Mcycndorf  (our  com- 
panion in  this  portion  of  our  tour),  Ustiug  is  signalized  as  a  mart  of  manufactures,  particularly  of  cut- 
lery, locks,  ornamental  boxes,  and  linen  woven  and  printed  by  the  peasantry.  In  very  ancient  times, 
the  art  of  enamelling  upon  copper  seems  to  have  been  practised  here,  derived  probably  from  intercourse 
witii  l  tuna,  out  wc  must  not  eniurgc  upon  sum  topics  in  tnis  wont,  However  nc  were  ^nitmru  uj  our 
reception  in  the  hospitable  and  flourishing  town  of  Ustiug.  For  all  such  details  we  refer  to  the  highly 
useful  labours  of  Baron  A.  von  Mcycndorf  (sec  his  new  Statistical  Map  of  Russia). 
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the  Old  Red  system'  of  the  British  Isles.  The  river  Strelna  offers  vertical 
cliffs,  200  feet  high,  and  the  Suchona,  into  which  the  former  falls,  runs  be- 
tweeu  banks  not  less  than  240  feet  high,  of  which  the  following  may  be  taken 
as  a  generalized  section  in  ascending  order.  Red  flaglike  marl  with  conchoidal 
fracture.  Cornstone  or  earthy  tufaceous  white  limestone,  in  irregular  sub-con- 
cretionary thin  beds,  burnt  for  lime,  but  containing  no  traces  of  shells.  Red 
and  green  marls  alternating  for  a  great  thickness  in  a  beautifully  ribboned  arrange- 
ment. Courses  of  very  impure  concretionary  limestone.  Red  and  green  marls 
repeated.  The  whole  is  capped  by  drift  and  blocks.  These  diversified  marls,  with 
calcareous  courses,  occupy  the  whole  territory,  and  to  recapitulate  sections  would 
therefore  be  useless.  They  are  invariably  so  void  of  fossils  that  they  obtained  from 
our  friend  Baron  A.  von  Meyendorf  the  significant  name  of  "  calcaires  muets" 
(mute  limestones  *)• 

At  Totma  and  several  other  places,  these  red  deposits  are  the  source  of  salt 
springs,  and  gypseous  strata  are  passed  through  in  the  sinkings.  At  Vologda  the 
substratum  is  obscured  by  a  vast  spread  of  detritus,  which  extends  over  the  western 
side  of  the  government,  and  ranging  up  to  the  eastern  water-sheds  of  the  Valdai 
Hills,  and  the  lakes  near  Vitegra  on  the  north,  hides  all  the  subjacent  rocks.  It 
was  in  vain  that  we  explored  the  country,  in  a  long  and  laborious  circuit,  extending 
westwards  from  Vologda  to  Tcherepovetz  and  Vesegonsk,  and  thence  to  Mologa  ;  for 
the  whole  of  this  tract  is  so  covered  by  sand,  gravel  and  northern  detritus,  that  we 
never  could  detect  the  subjacent  rocks.  Red  marls  appear,  however,  from  beneath 
this  mass  near  Rybinsk  and  other  places,  and  also  on  the  Uuja  river  near  Makaricf, 
though  they  are  hidden  again  under  detritus,  at  the  beautiful  city  of  Yaroslavl. 

In  descending  the  Volga  from  Kostroma  to  Nijni  Novogorod,  the  red  marls, 
though  frequently  covered  by  detritus,  are  seen  to  occupy  the  banks  for  long 
spaces,  surmounted,  here  and  there,  by  shale  of  the  Jurassic  series,  which  we  shall 
presently  describe.  At  Krasnoc  Pojeni,  near  Pies,  twenty  to  thirty  feet  of  finely 
laminated  and  spotted  red  and  green  marls,  with  occasional  gcodes  of  harder  green 

1  See  *  Silurian  S)'9tem,'  p.  55.  Similar  bands  have  been  jusr  alluded  to  in  the  sections  north  of 
Ustiug,  p.  170. 

1  A  party  of  our  first  expedition,  consisting  of  the  Baron  A.  von  Meyendorf  and  M.  E.  dc  Verncuil. 
traversed  the  country  to  the  south  of  Ustiug  by  Nikolak,  and  found  it  to  be  essentially  the  same  a*  that 
which  we  are  now  describing,  until  they  fell  in  with  overlying  Jurassic  shale*  at  Makarief  on  the  Unja 
river  (sec  Map).  At  the  same  time  Mr.  Murchison,  accompanied  by  Lt.  Koksharof,  made  the  wide  range 
by  Vologda,  Tcherepovetz,  Mologa,  Rybinsk  and  Yaroslavl,  alluded  to  in  the  text 
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marlstone,  and  some  courses  of  sandy  mottled  flagstones,  which  from  their  concre- 
tionary tendency,  run  into  the  form  of  pot-stones,  are  covered  by  Jurassic  shale, 
with  Ammonites,  Belcmnites,  &c.  So  conformably  does  the  Jura  shale  here  repose 
on  red  and  green  marls,  that  when  we  first  saw  this  section  (1840),  we  were  led  to 
consider  the  latter  as  the  Keuper ;  but  a  further  examination  of  the  banks  of  the 
Volga  below  this  poiut,  by  Pies  to  Kineshma  and  Yurievetz,  convinced  us  that,  on 
the  whole,  the  surface  of  the  red  deposits  is  uneven  and  irregular,  the  Jurassic- 
shale  being  at  one  spot  on  the  level  of  the  river,  and  at  other  places  high  above  the 
red  marl.  We  therefore  concluded  (independent  of  the  non-existence  of  Lias  in 
Russia),  that  there  was  no  regular  sequence  of  deposits,  but,  on  the  contrary,  that 
a  long  interval  had  elapsed  between  the  respective  accumulations  of  the  red  ground 
and  the  black  Jurassic  shale. 

At  Christof  on  the  Volga,  below  Yurievetz,  and  a  little  above  the  small  town  of 
Katungo,  the  marls  fold  around  and  dip  away  from  a  great  concretionary  mass 
of  white  limestone,  which  rises  through  the  strata,  to  at  least  fifty  feet  above 
the  stream.  This  Umcstone,  which  is  almost  pure  white,  is  of  subcrystalline 
structure,  with  a  splintery  and  conchoidal  fracture,  contains  here  and  there  im- 
pure smaller  concretions  of  marl  and  less  pure  calcareous  matter,  and  in  parts 
assumes  a  laminated  structure.  Slickenside  polish  and  scratchings  are  frequent 
on  the  sides  of  the  joints,  which,  together  with  the  convoluted  broken  condition 
of  the  adjacent  marls,  through 
which  the  calcareous  mass  pro- 
trudes, demonstrate  the  great 
power  of  concretionary  action  in 
modifying  the  form  of  strata, 
and  in  producing  all  the  appear- 
ances of  upheaval  and  disloca- 
tion from  beneath.  Associated 
with  this  concretion  are  courses  of  rose  and  white  coloured  gypsum,  numerous  red 
and  white,  small,  calcareous  concretions,  and  occasionally  brown  and  red  calcare- 
ous grits,  in  which  we  searched  long  and  fruitlessly  for  traces  of  organic  remains. 
Some  of  the  beds  are  micaceous,  and  thin  courses  of  irregular  concretionary  flag- 
stone arc  to  be  detected. 

At  Balachna,  still  lower  on  the  Volga,  the  red  and  green  marls  with  gypsum, 
give  rise  to  copious  salt-springs,  in  the  deepening  of  which  the  strata  have  been 
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pierced  to  a  depth  of  upwards  of  400  feet.  At  Nijni  Novogorod,  where  the  Oka 
unites  with  the  Volga,  the  right  banks  of  both  rivers  offer  splendid  sections,  in  cliffs 
from  300  to  400  feet  in  height,  of  finely  ribboned,  red  and  green  marls,  with  sub- 
ordinate courses  of  soft  gritty  flagstone,  and  soft  yellowish  sandstone,  almost  in  the 
state  of  incoherent  sand.  The  magnificent  new  roads  which  descend  from  the 
Kremlin  to  the  lower  town  or  fair,  and  the  formation  of  the  grand  esplanade  over- 
looking the  Volga,  have  admirably  laid  open  the  strata.  But  notwithstanding  these 
advantages,  rarely  to  be  met  with  in  Russia,  we  were  not  able,  after  an  assiduous 
search,  to  observe  any  organic  remains,  except  a  very  minute  bone,  probably 
belonging  to  a  fossil  fish.  The  extraordinary  subsidences  to  which  these  incoherent 
cliffs  are  subject,  and  the  deep  transverse  furrows  (avrachs)  which  cut  through 
the  table  lands,  give  the  fullest  insight  into  the  mineral  characters  of  these  rocks. 

Sections  of  Red  Marls  and  Sands  on  the  Volga  below  Nijni,  and  on  the  Oka  and 
Kliasma  Rivers. — The  sections  of  Kazan,  Sviask  and  the  Dwina  (see  woodcut, 
p.  162),  having  proved  that  limestones  with  the  Zcchstein  fossils  subside  under  a 
group  of  marls,  with  courses  of  tufaceous  and  impure  limestone,  precisely  similar 
to  those  of  the  governments  of  Vologda  and  Kostroma,  we  have  now  simply  to 
state,  that  all  these  masses  are  confluent,  and  that  they  spread  over  the  central  part 
of  this  red  region.  They  occupy,  in  fact,  the  whole  of  the  high  lands  on  the 
right  bank  of  the  Volga  between  Kazan  and  Nijni  Novogorod,  and  arc  traceable 
still  higher  up  that  river  as  stated,  nearly  to  the  city  Kostroma.  In  ascending 
the  Oka,  the  great  tributary  of  the  Volga,  the  same  rocks  are  quite  as  largely 
developed  to  the  parallel  of  the  town  of  Gorbatof ;  and  on  the  right  bank  of  the 
river  we  find  them  ranging  as  far  as  Viasniki,  beyond  which  they  are  lost  upon 
the  west,  under  heaps  of  detrital  matter  which  obscure  their  junction  with  the 
inferior  deposit  of  carboniferous  limestone.  These  marls,  sands  and  tufaceous 
limestone  are  obscured,  as  before  stated,  by  the  same  detritus,  all  along  the  eastern 
limits  of  the  great  carboniferous  region  of  the  Northern  Governments. 

Let  us  first  simply  describe  the  features  of  such  rocks  on  the  Lower  Volga  above 
Kazan  and  on  the  banks  of  the  Oka  and  Kliasma.  Between  Sviask  and  Tchebok- 
sar  on  the  Volga,  two  and  more  courses  of  the  tufaceous  limestone,  from  twelve 
to  fifteen  feet  each  in  thickness,  and  beds  of  two  to  three  feet,  arc  subordinate  to 
ribboned  and  spotted  marls,  exactly  similar  to  those  described  on  the  Suchona. 
One  of  these  limestones  differs  only  from  the  other,  in  being  a  little  darker  and 
more  compact ;  for  both  are  essentially  what  would  be  called  tufaceous.  The 
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marlstone  passing  into  limestone  is  pierced  throughout  by  innumerable  small 
cavities  which  branch  and  cross  each  other,  and  whose  internal  laces,  invariably  of 
a  dark  tint,  contrast  strongly  with  the  white-coloured  body  of  the  rock.  Occasion- 
ally these  limestones  are  of  a  cream  colour  and  a  more  compact  structure,  with 
conchoidal  fracture,  and  they  then  very  much  resemble  what  in  England  would 
be  called  freshwater  limestone  of  secondary  and  carboniferous  dates.  We  can  aver 
that  we  have  broken  countless  specimens  of  these  tufaceous  limestones  on  the  Volga, 
the  Suchona,  the  Dwina,  &c,  and  have  never  yet  been  able  to  detect  the  trace  of 
a  fossil  in  them,  nor  in  the  marls  with  which  they  are  associated. 
At  Tcheboksar  the  section  in  ascending  order  consists  of — 

1.  Red  marls,  i.  Greenish  and  chocolate-coloured  concretionary  calcareous  grit,  resembling  on  first  inspection 
■  conglomerate,  hut  in  reality  more  like  those  beds  in  England  which  both  in  the  Newer  and  Older  Red  systems  we 
know  to  hare  been  formed  by  conrrctionnry  action  (corns  tones) .  3.  Marls,  brick-red  and  green,  of  considerable 
thickness.  4.  Marls  in  which  the  courses  of  tufaceous  limestone  and  marlstone  prevail.  5.  Slightly  micaceous 
wndslone  with  red  marl,  fcc. 

To  the  west  of  Tcheboksar  some  of  the  deep  ravines  expose  cavernous  limestones 
similar  to  those  before  described,  surmounted  by  strong  bands  of  brownish  calca- 
reous grits  and  flagstones,  and  thence  to  Nijni  the  same  system  is  continued,  ex- 
hibiting certain  slight  lithological  variations  only.  At  Nijni,  as  before  described, 
the  group  becomes  much  more  arenaceous. 

At  Nerinski  on  the  Oka,  sixteen  versts  south-west  of  Nijni  Novogorod,  the  cliffs 
expose  a  band  of  thin-bedded  gypsum,  resting  upon  small-grained,  finely  laminated 
sandstone,  the  rippled  surfaces  of  the  strata  being  separated  from  each  other  by  a 
thin  pellicle  of  greenish  grey  marl  very  much  resembling  certain  beds  in  England 
in  the  younger  part  of  the  Trias ;  whilst  in  the  upper  part  of  the  cliff,  ribboned,  red 
and  green  marls  and  white  tufaceous  marlstone,  sometimes  of  delicate  pink  tints, 
abound.  The  gypsum  of  Nerinski  is  very  different  in  composition  and  aspect 
from  any  which  we  observed  in  the  inferior  strata  of  the  governments  of  Perm 
and  Orenburg,  or  on  the  Dwina  and  Pinega  ;  some  parts  of  it  being  lamellar, 
others  fibrous,  of  various  colours,  from  pure  white  to  dark  red.  In  other  beds  of 
fla^like  sandstones,  gypsum  is  disseminated  in  minute,  brown,  glassy  concretions 
about  the  size  of  peas,  which  resemble  small  looking-glasses  set  iu  a  dull  matrix. 
When  these  flagstones  arc  broken  up  for  use  (and  they  are  the  only  solid  stones 
around  Nijni  Novogorod),  the  small  concretions  glisten  in  the  eye  like  fish- 
scales,  and  when  they  disintegrate,  the  surface  of  the  rock  has  a  pock-pitted  ap- 
pearance.   A  little  further,  however,  along  the  cliff  the  gypsum  swells  out  and 
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forms  masses  a  foot  or  two  in  thickness.  Mineral  milk,  or  fossil  leather  of  mine- 
ralogists, formerly  recognized  in  these  tracts  by  Strangways,  Fischer  and  other 
writers,  occurs  here,  and  was  also  observed  by  us  at  intervals  between  Gorbatof 
and  Viasniki. 

At  Viasniki  on  the  Kliasma  and  in  the  ravines  to  the  east  of  the  town,  there  is  a 
clear  section  of  marls,  sometimes  slightly  micaceous  and  sandy,  with  other  beds  of 
light  red  and  green  colours,  very  finely  laminated,  overlaid  by  blood-red,  incoherent 
sands  passing  into  sandstone,  yellowish  sands  and  marls,  and  variegated,  highly  cal- 
careous grit.  In  the  light  red,  variegated  marls  towards  the  middle  of  the  cliff,  and 
in  a  ravine  to  the  north  of  the  high  road,  we  detected  a  profusion  of  microscopic 
crustaceans  resembling  Cythcrinae,  associated  with  a  small  flattened  bivalve  shell, 
having  the  general  form  of  Cyclas,  and  these,  as  before  said,  are  the  only  organic 
remains  with  the  exception  of  a  very  small  (fish  ?)  bone  observed  near  Nijni  and 
now  unfortunately  lost,  which  we  have  been  able  to  detect  in  these  widely  spread 
red  strata  of  such  very  persistent  lithological  characters. 

After  thus  describing  the  chief  distinctions  of  these  marly  deposits,  it  will  be 
seen,  that  although  they  overlie  the  beds  with  Zechstein  fossils,  yet  as  they 
agree  in  position  and  mineral  character  with  other  members  of  the  Permian  group 
of  the  governments  of  Perm,  Viatka  and  Orenburg,  in  which  Permian  plants  and 
thecodont  Saurians  occur,  we  cannot  rigorously  exclude  them  from  that  system. 
We  have  not  indeed  any  sort  of  evidence  to  prove,  that  the  masses  we  are  de- 
scribing constitute  a  portion  of  the  Trias  of  Europe,  or  that  they  can  be  placed  in 
parallel  with  the  New  Red  Sandstone  of  the  British  Isles ;  but  knowing  as  we  do, 
how  long  a  period  elapsed  before  any  characteristic  organic  remains  were  disco- 
vered in  the  Buntcr  Sandstein  of  Germany,  the  gres  bigarrc"  of  the  French,  or  in 
the  New  Red  Sandstone  of  England,  and  how  much  longer  a  term  passed  before 
that  rock  was  separated  from  the  Keupcr,  we  think  we  act  in  the  spirit  of  true  ob- 
servers by  leaving  this  mass  under  the  name  of  Upper  Red  Sandstone,  thus  simply 
considering  it  a  great  and  copious  cover  of  the  Permian  system.  If,  in  the  sequel, 
fossils  should  be  found,  which  connect  a  part  of  these  deposits  cither  with  the  Per- 
mian system  or  with  the  Trias,  we  shall  not  have  taken  any  step  to  prevent  such 
collocation  by  merely  stating  the  fact,  that  this  variegated  group  overlies  the  Zech- 
stein strictly  so  called.  On  the  whole,  however,  we  confess  we  are  disposed  to 
view  these  variegated  sands  and  marls  like  those  of  Orenburg  as  a  part  of  the  Per- 
mian system. 


Digitized  by  Google 


PERMIAN  ROCKS  SOUTH  OF  ORENBURG. 


183 


Whilst  we  have  noted  the  existence  of  rock-salt  in  the  Permian  system,  as  well 
as  of  numerous  saline  springs,  the  latter  only  are  known  in  the  overlying  marls  and 
sands,  and  we  have  before  stated,  that  these  saline  springs  rise  from  great  depths, 
both  at  Totma  in  the  government  of  Vologda  and  at  Balachna  on  the  Volga  above 
Nijni  Novogorod.  It  is  well,  therefore,  to  bear  in  mind  this  circumstance,  since 
it  induces  us  to  believe  in  the  probable  existence  of  subterranean  masses  of  rock- 
salt  in  deposits  of  higher  antiquity  than  those  in  which  they,  for  the  most  part, 
prevail  in  Western  Europe.  Hence  also  it  is  to  be  inferred  that  salt-wells  may  be 
sunk  with  effect  on  the  Artesian  principle,  in  many  parts  of  a  vast  basin  which 
we  have  shown  to  be  Burrounded  by  older  deposits  (see  Map). 

Permian  Rocks  south  of  Orenburg. — In  the  south-eastern  region  where  rocks 
of  this  age  occur,  we  perceived  that  along  a  certain  line,  Permian  limestones 
similar  to  those  we  have  before  described,  are  thrown  up  in  isolated  hummocks  or 
cones,  the  strata  of  which  are  often  highly  inclined.  Such  a  line  of  disruption  has 
been  traced  from  north-north-east  to  south-south-west,  and  slightly  divergent  from 
the  chief  axis  of  the  Ural.  The  hills  of  Grebeni  afford,  as  before  said,  a  good 
example  of  these  dislocations,  and  to  the  south-south- west  of  Orenburg,  in  the 
steppe  of  the  Kirghis,  we  met  with  a  fresh  example  of  them  upon  the  same  line 
at  Mertvi-sol  (or  the  dead  salt)  (see  Map).  This  little  elevation  is  also  interest- 
ing, as  it  afforded  us  the  best  means  of  forming  our  conjectures  respecting  the 
geological  age  of  the  great  adjoining  masses  of  rock-salt  and  gypsum  which  occur 
at  llletzkaya-Zastchita. 

These  hills  present  beds  of  limestone  perfectly  undistinguishable  from  the  Per- 
mian limestones  (a)  of  Grebeni  and  other  places,  and  which  plunge  to  the  east  under 
the  red  grit  of  Orenburg  (6),  with  traces  of  copper  ores.  Beds  of  white  gypsum  oc- 
cur, partly  in  the  form  of  Selenite  (c)  and  partly  dark-coloured  and  compact.  From 
these  gypsum  beds  a  brine  spring  issues,  which,  as  it  cannot  be  derived  from  waters 
traversing  the  overlying  red  strata,  probably  rises  from  rocks  of  the  same  age  a9 
those  which  we  have  described  at  Sergiefsk  as  the  seat  of  so  much  saline  matter. 


4  o 


This  limestone  of  Mertvi-sol  contains  the  same  fossils  as  that  of  Grebeni,  vi2. 

2  b2 
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the  Modiola  Pallasii,  Rettpora  fiustracea,  var.  ?  closely  allied  to  a  species  of  the 
Magnesian  Limestone  of  England,  &c.  &c. 

Rock-Salt  at  Illetzkaya-Zastchita  in  the  Steppes  of  the  Kirghhs. — Freezing  Cavern. 
— Our  readers  of  this  chapter  having  been  already  fatigued  with  lithological  de- 
tails, we  will  now  endeavour  to  relieve  such  monotony  by  a  short  episode,  which 
embraces  an  account  of  a  very  remarkable  phtenomenon. 

It  was  in  the  early  days  of  an  unusually  hot  and  parching  month  of  August 
that  we  travelled  from  Orenburg  to  visit  these  famous  salt-works,  and  were  driven 
at  a  furious  pace  over  the  parched  up  and  undulating  steppe  to  the  south  of  that 
city.  Passing  through  caravans  of  Bukharians  and  Chivans,  journeying  to  and 
from  the  great  Russian  entrepot,  the  pretty  little  green  oasis  of  Illetzkaya-Zast- 
chita at  length  broke  upon  the  sight.  Its  groves  of  trees,  its  fort,  and  well-arrunged 
buildings  (diversified  by  mounts  of  gypsum  not  unlike,  in  miniature,  the  "  buttes 
de  Montmartre  "  near  Paris),  announced  the  most  remote  of  the  Imperial  esta- 
blishments in  this  wilderness. 

With  the  exception  of  the  fossiliferous  limestone  in  the  adjacent  hills  (and  of 
which  we  have  just  spoken),  the  whole  of  the  tract  is  made  up  of  reddish,  sandy 
marl  and  whitish  gypsum,  amid  which  materials,  the  rock-salt  appears  as  a  vast, 
irregularly  formed  mass.  The  protrusion  of  certain  points  at  the  surface,  had  long 
ago  led  the  Kirghis,  or  original  nomadic  inhabitants  of  the  soil,  to  use  the  salt  ■  but 
it  is  in  latter  years  only  that  the  Russians,  regularly  occupying  the  spot,  have  laid 
bare  a  large  portion  of  the  mineral.  By  sinkings  in  the  neighbourhood  they  have 
further  ascertained,  that  undulating  at  slight  depths  beneath  the  surface,  the  rock- 
salt  extends  over  an  area  having  a  length  of  two  versts  and  a  width  of  rather  more 
than  an  English  mile.  Selecting  one  of  the  most  favourable  situations  within  this 
space,  for  the  open  work  ;  i.e.  where  the  ground  rises  to  a  little  height  above  the 
ordinary  drainage,  the  Russian  miners  have  now  exposed  a  broad  surface  of  salt 
and  have  cut  into  the  rock  to  the  depth  of  about  seventy  feet.  This  mass  is  cry- 
stalline, of  white  colour,  without  a  stain,  and  so  pure,  that  the  salt  is  at  once 
pounded  for  use  without  any  cleansing  or  recrystallizing  process.  Upon  first  view- 
ing  this  bright  white  mass  from  above,  we  were  impressed  with  the  notion  that 
it  was  composed  of  horizontal  beds;  but  on  descending  into  the  quarrv,  we  found 
that  this  appearance  was  caused  by  the  method  employed  to  extract  the  salt. 

The  reader  who  would  bring  these  features  to  his  miud,  must  first  imagine  an 
open  quarry,  from  which  the  upper  portion  of  the  salt  had  been  removed,  with 
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men  at  work  on  different  horizontal  stages.  Long  lozenge-shaped  pieces  in  pro- 
cess of  extraction  at  different  levels  are  seen  to  be  divided  from  the  mass,  by 
lateral,  vertical  joints,  which  have  been  cut  open  with  the  hatchet.  The  block, 
thus  squared,  is  then  completely  separated  from  the  body  of  the  rock  beneath,  bv 
heaving  against  its  free  end  a  huge  beam  of  wood,  which  swings  upon  a  triangle 
and  is  worked  to  and  fro  by  a  cordpany  of  the  miners.  Owing  to  the  crystalline 
and  brittle  nature  of  the  substance,  a  few  violent  jars  only  of  this  battering  ram 
are  required  to  sever  the  mass  from  the  parent  rock,  and  thus  a  vast  amount  of 
labour  is  saved,  which  at  Wieliczka  and  other  salt  mines  is  employed  in  the  ex- 
traction of  the  mineral1.  This  process  of  side-cutting  and  horizontal  battering 
necessarily  produces  in  the  body  of  the  salt  a  direct  resemblance  to  many  stone 
quarries,  with  their  natural  joints  and  floors. 

Other  external  circumstances,  resulting  from  existing  causes,  are  worthy  of  notice 
in  this  great  salt  quarry.  The  upper  surface  of  the  salt  having  been  corroded  by 
long-continued  atmospheric  action  of  the  rain-water  and  melted  snow  which 
percolates  through  the  thin  cover  of  red  sand  and  marl,  the  result  has  been  the 
formation  of  a  number  of  needles,  which  are  good  miniature  representatives  of 
the  snowy  "  Aiguilles"  of  the  Alps.  Again,  on  that  side  of  the  quarry  which 
has  been  worked  to  the  greatest  depth,  and  is  now  abandoned,  the  atmospheric 
action,  smoothing  away  every  irregularity,  has  left  a  vertical  glassy  cliff  fifty  to 
sixty  feet  high  ;  and,  lastly,  the  water  lodged  against  its  base  during  the  spring 
period  of  Russian  debacle,  has  excavated  and  dissolved  the  salt  to  the  height  of 
the  spring-floods,  leaving  a  dark  cavern,  over  which  the  saline  mirror  seems  sus- 
pended, and  hanging  from  the  bottom  of  which  are  stalactitic  crystals  of  salt. 

Having  stated  that  the  floor  of  this  immediate  district  consists  of  rock  salt,  it  is 
natural  that  every  pond  of  water,  supplied  either  by  springs  which  rise  up  from 
beneath,  or  by  rain-water  which  rests  upon  or  communicates  with  the  salt,  should 
be  intensely  saline.  Such  is  the  case,  particularly  in  a  natural  pool  of  bright, 
transparent,  greenish  water,  which  is  used  by  the  natives  as  a  salubrious  bath  *, 
and  in  which  myriads  of  small  animals,  peculiar  to  brine  springs,  are  seen  in  lively 
agitation. 

1  It  U  well  worthy  of  notice,  that  Russian  ingenuity  accomplice*  by  a  sudden  stroke,  a  line  of  clean 
separation  similar  to  that  which  an  Austrian  miner  labours  to  effect  during  many  days  with  his  pickaxe 
and  other  tools. 

*  We  bathed  in  this  natural  pellucid  brine-pit,  and  had  great  difficulty  in  sinking  the  body. 
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Freezing  Cavern.— Besides  the  floor  of  salt,  this  spot  is  marked  by  two  or  three 
gypseous  hillocks,  one  of  which,  on  its  south  side,  assisted  by  artificial  excavation, 
is  employed  by  the  inhabitants  as  a  cellar1.  This  cavern  has  the  very  remarkable 
property  of  being  so  intensely  cold  during  the  hottest  summers,  as  to  be  then 
filled  with  ice,  which  disappearing  with  cold  weather,  is  entirely  gone  in  the  win- 
ter, when  all  the  country  is  clad  in  snow. 

Standing  on  the  heated  ground  (the  thermometer  in  the  shade  being  then  at 
90°  Fahr.),  we  can  never  forget  our  sensations,  when  the  poor  woman  to  whom  the 
cave  belonged,  unlocked  a  frail  door,  and  let  loose  a  volume  of  such  piercing  cold 
air,  that  we  could  not  avoid  removing  our  feet  from  the  influence  of  its  range. 

We  afterwards,  however,  subjected  our  whole  bodies  to  the  cooling  process,  by 
entering  the  cave,  which,  it  must  be  recollected,  is  on  the  same  level  as  the 
road-way  or  street  of  the  village.  At  three  or  four  paces  from  the  door,  on  which 
shone  the  glaring  sun,  we  were  surrounded  by  the  half-frozen  quass  and  provi- 
sions of  the  natives,  and  a  little  further  on,  the  chasm  (bending  slightly)  opened  into 
a  natural  vault  about  twelve  to  fifteen  feet  high,  ten  or  twelve  paces  long,  by  seven 
or  eight  in  width.  This  cavern  seemed  to  ramify  by  smaller  fissures  into  the  body 
of  the  little  impending  mount  of  gypsum  and  marl.  The  roof  of  the  cavern  was 
hung  with  undripping  solid  icicles,  and  the  floor  might  be  called  a  stalagmite  of  ice 
and  frozen  earth.  As  we  had  no  expectation  of  meeting  with  such  a  phenomenon, 
we  had  left  our  thermometers  at  Orenburg,  and  could  not,  therefore,  observe  the 
exact  degree  of  cold  below  the  freezing  point.  The  proofs  of  intense  cold  around 
us  were,  however,  abundantly  decisive  for  our  general  purpose,  and  we  were  glad 
to  escape  in  a  few  minutes  from  this  ice-bound  prison,  so  long  had  our  frames 
been  accustomed  to  a  powerful  heat. 

In  considering  the  peculiarity  of  the  circumstances  attendant  upon  this  freezing 
cavern,  we  are  not  yet,  we  admit,  sufficiently  provided  with  accurate  data.  If, 
as  we  were  assured,  the  cold  is  greatest  within  when  the  external  air  is  hottest  and 
driest,  that  the  fall  of  rain  and  a  moist  atmosphere  produce  some  diminution  of 
the  cold  in  the  cave,  and  that  upon  the  setting  in  of  winter  the  ice  disappears  en- 
tirely, then,  indeed,  the  problem  is  very  curious.    All  the  inhabitants  positively 

1  This  phenomenon  ought,  correctly  speaking,  to  have  been  considered  in  the  concluding  chapters, 
where  the  existing  causes  are  referred  to;  but  it  is  so  intimately  linked  on,  we  conceive,  to  subterranean 
influence  and  the  subaoil  of  the  tract,  that  we  prefer  to  speak  of  it  in  this  place. 
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adhered  to  this  statement,  and  the  expression  of  the  peasants  was,  that  in  winter 
they  could  sleep  in  the  cave  without  their  sheepskins. 

In  our  hurried  visit  we  could  do  no  more  than  request  the  authorities  to  look 
carefully  to  this  point  during  ensuing  winters,  and  to  preserve  thermomctric  re- 
gistration of  the  changes  in  the  cave,  in  relation  to  the  external  air.  In  the  mean 
time,  the  simple  fact  which  was  presented  to  our  senses  was  quite  sufficient  to 
create  the  utmost  surprise. 

Our  first  attempt  to  afford  an  explanation  of  the  phenomenon,  was  hy  sup- 
posing, that  the  chief  fissure  openiug  downwards,  communicated  with  a  floor  of 
rock-salt,  the  saliferous  vapours  of  which  might  be  so  rapidly  evaporated  or  changed 
in  escaping  to  an  intensely  hot  and  dry  atmosphere,  as  to  produce  ice  and  snow. 
If  this  or  some  such  subterranean  process  were  admissible,  then  the  apparent 
connexion  between  the  intense  cold  within  the  cave  and  the  great  heat  without, 
might,  we  thought,  be  explained.  Finding,  however,  that  our  geological  chemistry 
was  doubted  by  some  persons,  we  submitted  the  case  to  Sir  John  Herschcl,  and 
he  kindly  endeavoured  to  solve  the  problem  by  reference  to  ordinary  climatological 
causes  only.  The  following  is  an  extract  from  a  letter  addressed  by  him  to  Mr. 
Murchison : 

"  That  the  cold  in  ice-caves  (several  of  which  are  alluded  to  in  a  part  of  this 
letter  not  published)  does  not  arise  from  evaporation,  is,  I  think,  too  obvious  to 
need  insisting  on.  It  is  equally  impossible  that  it  can  arise  from  condensation  of 
vapour,  which  produces  heat  not  cold.  When  the  cold  (by  contrast  with  the  ex- 
ternal air,  i.  e.  the  difference  of  temperature)  is  greatest,  the  reverse  process  is 
going  on.  Caves  in  moderately  free  communication  with  the  air  are  dry  and  (to 
the  feelings)  warm  in  winter,  wet  or  damp  and  cold  in  summer.  And  from  the 
general  course  of  this  law  I  do  not  consider  even  your  Orenburg  caves  exempt ; 
since  however  apparently  arid  the  external  air  at  120°  Fahr.  may  be,  the  moisture 
in  it  may  yet  be  in  excess  and  tending  to  deposition,  when  the  same  air  is  cooled 
down  to  many  degrees  beneath  the  freezing-point. 

"  The  data  wanting  in  the  case  of  your  Orenburg  cave  are  the  mean  temperature 
of  every  month  in  the  year  of  the  air,  and  of  thermometers  buried,  say  a  foot  deep, 
on  two  or  three  points  of  the  surface  of  the  hill,  which,  if  I  understand  you  right,  is 
of  gypsum  and  of  small  elevation.  I  do  not  remember  the  winter  temperature  of 
Orenburg,  but  for  Ekaterinenburg  (only  5°  north  of  Orenburg),  the  temperatures  are 
given  in  Kuppfer's  reports  of  the  returns  from  the  Russian  magnetic  observatories. 
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If  any  thing  similar  obtains  at  Orenburg  I  see  no  difficulty  in  explaining  your 
phenomenon.  Rejecting  diurnal  fluctuations  and  confining  ourselves  to  a  single 
summer  wave  of  heat  propagated  downwards  alternately  with  a  single  winter  wave 
of  cold,  every  point  at  the  interior  of  an  insulated  hill  rising  above  the  level  plain 
will  be  invaded  by  these  waves  in  succession  (converging  towards  the  centre  in  the 
form  of  shells  similar  to  the  external  surface),  at  times  which  will  deviate  further 
from  mid-winter  and  mid-summer  the  deeper  the  point  is  in  the  interior,  so  that  at 
certain  depths  in  the  interior,  the  cold-wave  will  arrive  at  mid-summer  and  the  heat- 
wave in  mid-winter.  A  cave  (if  not  very  wide-mouthed  and  very  airy)  penetrating 
to  such  a  point,  will  have  its  temperature  determined  by  that  of  the  solid  rock 
which  forms  its  walls,  and  will  of  course  be  so  alternately  heated  aud  cooled.  As 
the  south  side  of  the  hill  is  sunned  and  the  north  not,  the  summer-wave  will  be 
more  intense  on  that  side  and  the  winter  less  so  ;  and  thus  though  the  form  of  the 
wave  will  still  generally  correspond  with  that  of  the  hill,  its  intensity  will  vary  at 
different  points  of  each  wave-surface.  The  analogy  of  waves  is  not  strictly  that  of 
the  progress  of  heat  in  solids,  but  nearly  enough  so  for  my  present  purpose. 

"  The  mean  temperature  for  the  three  winter  months,  December,  January,  Fe- 
bruary, and  the  three  summer  months,  June,  July,  August,  for  the  years  1836,  7,  8, 
and  the  mean  of  the  year,  arc  for  Ekateriuenburg  as  follows  : — 


Winter. 

Summer. 

Annual  Mean. 

183G. 

-  10CD3  R. 

+  11°S>0  R. 

+  1°  22  R. 

1837. 

-  12°-  00 

+  12°'M 

+  <)°-30 

1838. 

-  12°S7 

+  12°37 

4-  0°  60 

Me»n. 

-  12°07  R. 

+  12°-40  R. 

+  0c-70  R. 

+  4°  83  Ftthr. 

+  Sy°-9  Fahr. 

+  33° -57  Fahr. 

"  The  means  of  the  intermediate  months  are  almost  exactly  that  of  the  whole 
year,  and  the  temperature  during  the  three  winter  as  well  as  the  three  summer 
months  most  remarkably  uniform. 

"  This  is  precisely  that  distribution  of  temperature  over  time  which  ought  under 
such  circumstances  to  give  rise  to  well-defined  and  intense  waves  of  heat  and 
cold ;  and  I  have  little  doubt  therefore  that  this  is  the  true  explanation  of  your 
phsenomenon. 
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"  I  should  observe,  that  in  the  recorded  observations  of  the  Ekaterinenburg  ob- 
servatory, the  temperatures  are  observed  two-hourly,  from  eight  a.m.  to  ten  p.m., 
and  not  at  night.  The  mean  monthly  temperatures  arc  thence  concluded  by  a 
formula  which  I  am  not  very  well  satisfied  with ;  but  the  error,  if  any,  so  intro- 
duced must  be  far  too  trifling  to  affect  this  argument.  The  works  whence  the 
above  data  are  obtained  are  '  Observations  Me'tc'orologiques  et  Magnetiques  faites 
dans  l'lnterieur  de  l'Empire  de  Russie,'  and  '  Annuaire  Magne"tique  et  M&eorolo- 
gique  du  Corps  des  Ingenieurs  des  Mines  de  Russie,'  works  which  we  owe  to  the 
munificence  of  the  Russian  government,  and  which  it  is  satisfactory  to  find  thus 
early  affording  proofs  of  utility  to  science  in  explaining  what  certainly  might  be 
regarded  as  a  somewhat  puzzling  phenomenon,  as  it  is  one  highly  worthy  of  being 
further  studied  and  being  made  the  subject  of  exact  thermometric  researches  on  the 
spot,  and  wherever  else  anything  similar  occurs." 

'*  P.S.  Thermometric  observations  in  the  steppes,  of  the  mean  monthly  tempera- 
ture of  the  soil  at  different  depths  from  one  to  100 feet  (at  Forbcs's  intervals),  would 
be  most  interesting.  At  Ekaterinenburg  the  mean  temperature  of  the  air  being 
36°  6  Fahr.,  no  permanently  frozen  soil  would  probably  be  reached,  but  a  very  little 
more  to  the  northward  that  phenomenon  must  occur. 

"  The  '  thinning  out '  of  the  frozen  stratum  would  be  most  interesting  to  trace, 
but  in  thinning  out  by  decrease  of  latitude  it  might  possibly  at  the  same  time 
'  dip*  beyond  reach,  all  above  it  being  occupied  by  soil  subject  to  the  law  of  pe- 
riodic frost  and  thaw,  and  giving  room  under  favourable  circumstances  to  ice- 
caverns,  pits,  or  galleries.  What  determines  the  distinct  definition  of  the  hot 
and  cold  alternating  layers  is  the  exceedingly  peculiar  form  of  the  curve  of  the 
monthly  temperatures  as  given  in  the  tables  above  referred  to." 

In  thanking  Sir  John  Herschel  for  his  efforts  (amid  his  numerous  important  re- 
searches) to  explain  the  wonders  of  our  cave  of  Illctzkaya,  we  think  it  right  to 
state,  that  even  his  explanation  has  to  contend  with  some  strong  local  objections. 
The  little  hillock  of  gypsum,  for  example,  not  exceeding  150  feet  in  height,  and 
of  an  irregular  conical  form,  is  the  seat  of  other  rents  and  openings,  no  one  of 
which,  as  we  were  informed,  contains  snow  or  ice.  Why  therefore  does  our  cave 
present  this  exceptional  phenomenon?  How  indeed  are  we  to  imagine  that  a  six 
months'  wave  of  cold  shall  affect  a  cavern  in  a  small  mount,  and  not  the  subsoil 
of  the  surrounding  country  1  ?    Again,  if  there  be  no  connection  between  the  hot 

'  Although  they  have  no  direct  application  to  our  case  of  llletzkuya,  we  may  state  that  the  plueno- 
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and  arid  external  air  and  the  formation  of  the  ice,  why  is  the  latter  lodged  so 
near  the  southern  face  of  the  hill  on  which  the  rays  of  the  sun  (very  powerful 
in  this  latitude)  are  beating  for  some  months  f 

The  observations  of  Pallas  throw  some  light  upon  the  problem.  In  visiting 
Wetzkaya-Zastchita,  he  described  this  mount  of  gypsum,  and  stated  that  the 
Kirghis  inhabitants  of  his  day  were  in  the  habit  of  throwing  votive  offerings  into 
a  large  open  fissure  of  great  depth  which  formerly  existed  at  its  summit.  This 
opening  was,  it  appears,  closed  up  before  the  visit  of  the  great  naturalist,  though 
he  fails  not  to  record  a  saying  current  among  the  people,  that  when  open,  a  man 
(tempted  by  hope  of  gain  or  from  curiosity)  was  let  down  by  cords  and  experienced 
insufferable  cold  beneath.  The  accuracy,  therefore,  of  the  account  given  to  Pallas  by 
the  natives  has  been  in  great  measure  substantiated  through  the  pha;nomenon 
made  known  by  a  lateral  opening  at  the  base  of  the  mount,  which  evidently  did 
not  exist  at  the  time  of  his  visit,  for  he  makes  no  allusion  to  it. 

We  may  also  state,  that  this  author  mentions  similar  caverns  at  Indersk,  still 
further  to  the  south,  in  which  he  experienced  intense  cold  ;  and  far  from  being 
surprised  like  ourselves  at  such  a  phaenomenon,  he  simply  adds,  that  it  is  one  of 
usual  occurrence  in  caves  of  gypsum.  On  this  point,  however,  we  must  observe, 
that  as  far  as  our  experience  goes,  there  is  no  natural  connection  between  gypsum 
in  its  natural  state  and  cold,  for  neither  the  large  caverns  in  that  rock  described 
by  us  upon  the  Pinega  in  latitude  64°,  nor  the  caves  of  the  Ik  and  Barniikova 
(pp.  156,  165,  and  173,  note  2),  contain  ice  or  snow  in  summer. 

But  to  revert  to  our  own  case,  has  solid  ice  existed  for  ages  in  this  mount  of  gyp- 

inena  of  the  permanently  frozen  soil  at  Yakutsk,  to  which  Admiral  Wrangcl  and  M.  Raer  directed  atten- 
tion, have  not  yet  been  adequately  inquired  into.  In  travelling  through  IMiug.  in  1840,  we  met  with 
the  engineer  who  conducted  the  sinkings  of  the  shaft  and  from  him  we  learnt — 1st.  That  with  the  ex- 
ception of  about  sixty  feet  of  alluvial  soil,  the  pit,  to  a  depth  of  350  feet,  was  sunk  through  strata 
of  limestone  and  shale  with  some  cool — the  limestone  being  peculiarly  hard  and  in  beds  from  two  to 
sir  fett  thick.  2nd.  'Hat  none  of  the  sinkings  took  place  in  the  summer  months  on  account  of  the 
foul  air.  3rd.  That  when  Admiral  Wrangel  descended  the  shaft,  the  surface  being  then  burnt  up  by  the 
summer  sun,  the  thermometer  below  was  6°  Reau.  below  zero.  As  new  inquiries  into  this  interesting 
phenomenon  have  been  instituted  by  the  Imperial  Government,  we  shall  merely  state,  that  iu  reference 
to  our  case,  there  must  be  a  striking  difference  between  the  climate  of  Yakutsk  and  that  of  the  steppes 
south  of  Orenburg,  both  as  to  the  length  and  heat  of  the  summers  and  the  intensity  of  winter  cold. 
Yakutsk,  situated  in  N.  lat.  62$°,  suffers  under  a  winter  cold  of  39°  2'  cent,  below  zero.  See  the  valu- 
able table  of  climatology  published  by  Baron  Humboldt,  •  Asie  Centralc.'  vol.  iii.  p.  102.  The  eminent 
geographer  states,  however,  that  he  has  no  sure  data  for  Orenburg,  vol.  iii.  p.  556. 
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sum  both  when  open  from  its  summit  and  without  such  aperture  ?  Is  it,  on  the  con- 
trary, a  phenomenon  which  changes  with  the  seasons,  as  the  inhabitants  declare  ? 
If  so,  is  it  susceptible  of  explanation  by  climatological  changes,  as  attempted  by 
Sir  John  Herschel  ?  or  is  it  to  be  accounted  for  by  an  union  of  meteorological 
and  chemical  causes?  Avowing  our  incompetency  to  explain  the  true  nature 
of  the  changes  by  which  the  result  was  produced,  we  were  about  to  state,  that  in 
clinging  to  our  original  belief,  or  some  modification  of  it,  we  left  the  problem  to 
be  solved  by  others.  Whilst,  however,  these  pages  were  passing  through  the  press, 
the  facts  having  been  accidentally  mentioned  to  our  friend  Dr.  Robinson1,  he  ex- 
pressed an  opinion  which  induced  us  to  elicit  from  him  the  following  ingenious 
explanation  :— 

"  Your  revise  has  reached  mc,  where  I  am  luckily  able  to  refer  to  the  account  of  Monte  Testacco 
which  I  mentioned  to  you  at  Paraonttown,  and  which  you  will  find  in  the  first  volume  of  Nicholson'* 
Journal,  4to  aerie*,  page  229.  If  you  examine  it,  you  will,  I  think,  agree  with  me  in  thinking  that  the 
principles  applied  by  Nicholson  to  explain  these  phenomena,  nearly  as  you  appear  to  have  done  in  the 

first  instance,  are  sufficient  for  Metakaya."  "  First  suppose  the  hill  rifted  with  fissure*  so  a* 

to  let  air  percolate  all  through  it,  and  that  this  net-work  of  air-passages  communicates  with  the  cave 
below,  and  above  with  vertical  fissure*  communicating  towards  the  summit  of  the  hill  with  the  external 
atmosphere.  During  winter  the  air  contained  in  these  fissures  is  warmer  than  that  without,  it  will  there- 
fore rise  and  escape,  being  replaced  by  an  equal  masa  of  cold  air.  This  being  warmed  by  the  roek  with 
which  it  is  in  contact,  will  escape  in  its  turn,  and  thus  an  inward  current  will  be  felt  in  the  cave  till  all 
the  rock  which  it  can  reach  or  influence  is  cooled  down  to  the  winter  temperature.  In  spring  the  current 
will  be  reversed  ;  it  roust  still  be  of  the  temperature  of  the  rock  through  which  it  passes,  and  will  thus 
reproduce  in  summer  the  cold  which  had  been  stored  up  in  winter,  till  the  rock  attains  the  summer  tem- 
perature and  the  action  is  intermitted.  Some  cold  must  be  lost,  as  I  have  hinted,  by  the  transmission 
of  central  heat,  but  still  a  very  small  mass  of  rock  will  supply  an  immense  mass  of  cool  air.  I  do  not 
know  whether  the  ipttific  heat  of  gypsum  has  been  ascertained ;  but  suppose  it  the  same  as  of  lime,  and 
every  cubic  foot  of  it  in  the  hill  will  cool  150  cubic  feet  of  air  to  the  same  degree.  Assume  the  hill  to 
be  a  pyramid  whose  base  is  a  quarter  of  a  mile  and  150  feet  high,  this  would  supply  eighty-five  feet  every 
second  for  six  months,  which  acems  more  than  sufficient.  But  secondly,  this  hill  may  communicate 
with  extensive  caverns  or  fissures  full  of  air,  extended  horizontally,  and  within  the  reach  of  the  trans- 
mitted influence  of  winter  and  summer.  In  the  former  they  and  the  air  they  contain  will  be  cooled  ; 
but  when  the  influence  of  die  latter  reaches  them,  it  will  expand  the  air,  and  this  eacaping  by  the  cave 
will  add  its  cooling  powers.  Such  seems  to  be  the  case  in  some  of  the  Italian  caves,  but  I  think  the  sup- 
position scarcely  required  at  Illetxkaya.  As  to  the  degree  of  refrigeration,  it  obviously  depends  on  the 
winter  temperature ;  but  I  would  expect  it  to  be  increased  by  the  evaporation.  The  materials  of  the  hill, 
saliferous  gypsum,  must  dry  the  included  air  completely,  as  their  affinity  for  water  is  considerable ;  on 
the  other  hand,  after  a  spring  thaw,  we  must  expect  to  find  the  earth  of  the  cave  which  is  near  the 
surface  saturated  with  moisture ;  and  it  is  easily  shown  that  arid  air,  even  at  or  below  32°,  will  be 


•  Astronomer  of  Armagh,  and  Member  of  the  Royal  Irish  Academy. 
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cooled  still  lower  under  such  circumstance*,  besides  that  some  heat  may  also  be  absorbed  by  its  ex- 
pansion. De  Saussurc.  in  a  calcareous  cave,  found,  June  29,  1771,  the  external  thermometer  79^° 
Fahrenheit,  while  that  in  the  cave  was  but  37  j°;  and  as  this  was  in  Italy,  I  think  we  may  assume  that  a 
much  greater  depression  would  have  been  produced  had  the  climate  been  like  that  of  Orenburg.  Whatever 
you  may  think  of  my  attempt  at  explanation,  it  is  at  least  to  be  hoped  that  your  Russian  friends  will  ere 
long  obtain  for  you  the  necessary  data  as  to  climate  and  conduction,  without  which  we  are  but  guessing 
in  the  dark.  A  couple  of  thermometers  sunk  in  the  ground,  and  a  journal  of  the  state  of  the  cave,  seem 
especially  necessary." 

Ingenious  as  are  the  explanations  of  Sir  John  Herschel  and  Dr.  Robinson,  we 
still  think  that  they  do  not  completely  solve  the  problem.  Some  persons  have, 
indeed,  thought  that  very  different  explanations  might  be  proposed,  by  reference 
to  the  artificial  production  of  ice  and  snow,  one  very  remarkable  example  of  which 
occurs  in  the  mines  of  Schemnitz  in  Hungary1.  But  we  are  not  yet  sufficiently 
acquainted  with  all  the  features  of  the  case  of  Illetzkaya,  and  apologizing  to  our 
two  distinguished  friends  for  having  drawn  forth  their  opinions  before  such  data 
had  been  got  together,  we  pass  to  other  subjects,  in  expressing  our  hope,  that  the 
Russian  authorities  will  soon  procure  for  us  the  knowledge  of  the  facts,  without 
which  no  accurate  induction  can  be  made. 

Saliferous  Rocks  and  overlying  fossiliferous  Limestone  of  the  Southern  Steppes. — 
In  the  lower  steppes  adjacent  to  the  Caspian,  or  in  that  wide  expanse  which  we  shall 
afterwards  describe,  as  having  a  surface  covered  with  sea-shells,  the  older  rocks 
similar  to  those  of  Illetzkaya  rise  to  the  surface  like  small  islands.  These  islets 
are  composed  of  red  sand,  marl,  gypsum  and  limestone.  Saliferous  sources  also 
rise  to  the  surface  at  their  feet,  and  occasion  the  formation  of  adjacent  salt  lakes 
and  saline  incrustations — even  forming  deposits  of  rock-salt  in  some  of  the  deeper 
depressions. 

As  examples  of  these  isolated  hills  we  may  cite  Mount  Indersk  and  its  associated 
salt  lake,  the  gypseous  elevations  near  Gourieff,  the  saliferous  hills  of  Arsagar,  the 
Great  and  Little  Bogdo,  and  the  gorges  of  red  grit  from  which  the  salt  rivulet  flows, 
which  supplies  the  Lake  Elton,  so  useful  to  Russia  as  a  great  storehouse  of  salt2. 

The  Indersk  Hills,  which  we  did  not  visit,  extend  for  about  forty  versts  along  the 
left  bank  of  the  river  Ural,  and  are  composed,  like  all  the  other  hillocks  which 
emerge  from  beneath  the  steppes  of  Astrakhan,  of  gypsum,  marl  and  sandstone 
with  saliferous  springs.    Near  the  lake  of  the  same  name,  Pallas  also  remarked 

'  See  lire's  Dictionary  of  Chemistry,  2nd  edit.,  p.  290.    Art.  '  Caloric' 

»  For  an  account  of  the  source  of  Lake  Elton,  consult  the  Researche*  of  M.  Gobel  the  chemist. 
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beds  of  grey  colour,  containing  Ostrea?  and  Belemnitcs,  and  recently  Colonel  Hel- 
mersen  lias  distinctly  ascertained,  that  these  strata  arc  of  the  same  age  as  the 
Jurassic  formation,  to  which  we  shall  presently  advert  as  occurring  in  many  parts 
of  Russia. 

Mount  Bogdo. — Having  already  stated,  that  we  have  no  proof  of  the  existence  of 
rocks  of  the  age  of  the  Trias  in  the  central  region  of  Russia,  it  becomes  our  duty  to 
ascertain,  if  there  be  not  a  representative  of  some  member  of  that  system  in  the  rocks 
of  Mount  Bogdo,  which  rise  up  as  isolated  hills  in  the  Bteppe  of  the  inner  horde  of 
Kirghis,  on  the  left  bank  of  the  Volga. 

No  locality  has  undergone  more  changes  in  the  estimate  of  its  age  than  this 
famous  mount,  and  it  was  therefore  visited  by  one  of  us1  with  the  view  both  of 
making  a  correct  section  and  to  collect  the  fossils  which  it  contains  The  graphic 
description  of  Pallas,  had  the  fossils  which  he  collected  been  preserved,  might 
have  long  ago  enabled  geologists  to  form  nearly  as  accurate  a  conjecture  concerning 
the  age  of  these  hills  as  that  which  we  are  now  enabled  to  make ;  for  he  informs 
us  that  their  base,  composed  of  saliferous  masses,  salt  lakes,  red  and  green  sands, 
&c,  is  surmounted  by  limestone  charged  with  shells  and  ammonites. 

Notwithstanding  this  ancient  description,  we  find  the  most  recent  authorities 
exceedingly  at  variance  in  interpreting  the  age  of  these  deposits.  From  an  ex- 
amination of  a  chambered  shell  which  they  contain,  M.  Von  Buch  surmised  that 
they  might  prove  to  belong  to  the  Muschelkalk,  and  more  recently  Professor 
Eichwald  has  referred  the  deposit  to  the  Silurian  system  ! 

We  shall  first  endeavour  to  show  that  the  latter  opinion  is  untenable,  and  that, 
though  not  yet  fully  established,  the  opinion  of  M.  Von  Buch  is  much  more  likely 
to  prove  correct. 

Great  and  Little  Bogdo. — The  two  contiguous  hills  of  Bogdo  are  pretty  nearly 
similar  in  composition.  The  little  Bogdo  is  a  low  ridge  stretching  from  north- 
north-east  to  south-south-west.  At  its  northern  extremity,  a  natural  section  exposes 
red  sandstone  dipping  to  the  east  at  about  30°,  surmounted  by  a  whitish  lime- 
stone, composed  of  angular,  breccia-like  fragments  of  a  compact  and  hard  nature, 
and  forming  masses  so  like  ruined  buildings,  that  the  simple  inhabitants  seriously 
believe  them  to  be  such.  The  calcareous  beds  are  covered  by  greyish  coloured 
gypsum,  and  in  their  eastward  dip,  these  strata  are  met  and  cut  off  by  limestone 

1  Count  Kcyserling. 
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inclined  to  the  west,  thus  showing  a  transverse  line  of  fault ;  the  gypseous  mass 
occupying  a  symmetrical  depression. 

The  greater  Bogdo  presents  analogous  phenomena  of  succession,  hut  on  a  larger 
scale.  Being  the  highest  point  in  all  this  region,  and  also  remarkable  for  its  pecu- 
liar vegetation  and  living  animals,  it  has  attracted  both  the  superstitious  worship 
of  the  nomadic  tribes  who  live  around  it,  and  the  special  attention  of  every  scien- 
tific traveller  who  has  approached  it,  including  Falk,  Pallas,  Giibel  and  Evers- 
mann.  Modern  geologists,  however,  are  chiefly  acquainted  with  it  through  a  few  of 
its  fossil  remains.  Pallas,  who  visited  it  three  times,  describes  the  succession  of 
the  beds  and  their  neighbourhood,  with  an  exactness  which  we  cannot  too  much 
admire  in  the  '  De  Saussure  of  Russia,'  and  he  cites  a  remarkable  Ammonite  which 
has  recently  been  described  by  M.  Von  Buch.  The  resemblance  of  this  fossil  to  a 
characteristic  Ammonite  of  the  Muschelkalk,  seemed  to  the  latter  author  to  indi- 
cate the  existence  of  that  formation  in  Russia. 

Professor  Eichwald  (who  has  not  visited  the  spot)  has  recently  published  a  short 
memoir,  in  which,  in  addition  to  an  extract  from  Pallas,  he  gives  the  description 
of  a  true  Orthoceratite  supposed  to  have  been  collected  at  Bogdo  by  M.  Gftbel,  a 
fact  to  which  Colonel  Helmersen  had  previously  alluded.  As  the  very  circum- 
stantial and  minutely  detailed  voyage  of  Gobel  makes  no  allusion  to  the  finding 
of  any  such  body,  and  as  the  collection  on  which  Professor  Eichwald  has  formed 
his  conclusions  was  sent  from  Dorpat,  we  cannot  but  think  that  one  of  the  true 
Silurian  Orthocerata  of  Esthonia,  so  abundant  in  the  collection  at  that  university 
(see  p.  33),  has  been  transmitted  to  the  Professor  at  St.  Petersburgh  through  mis- 
take or  inadvertence.  We  searched  most  carefully  for  fossils  on  the  spot,  and  the 
result  of  our  labour  was  the  acquirement  of  about  twelve  specimens  of  the  Ammonites 
Bogdoanu*  and  other  shells,  none  of  which  resemble  in  the  least  the  Orthoceras 
described  by  Eichwald.  In  describing  the  matrix  or  rock  in  which  his  Orthoceras 
is  imbedded,  that  author  mentions  the  existence  of  green  grains,  which  is  to  us  a 
convincing  proof,  that  he  had  simply  before  him  a  portion  of  the  chloritic  Silurian 
limestone  of  Esthonia  ;  for  we  can  positively  assert,  that  the  limestone  of  Mount 
Bogdo  contains  no  such  matter.  Hence  we  presume,  that  the  common  Orthoceratitet 
vaginatut  of  the  Silurian  limestone  of  Esthonia  was  not  found  at  Bogdo,  and  con- 
sequently that  Professor  Eichwald 's  conclusion,  that  this  mount  is  of  Silurian  age, 
is  without  foundation.    With  all  respect  for  his  authority,  we  are  also  bound  to 
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state  our  conscientious  belief,  that  Professor  Eichwald  is  in  error,  when  he  sup- 
poses that  the  Ammonites  Bogdoanus  has  a  ventral  siphon,  an  opinion  which  induced 
him  to  name  the  shell  Clymenia  Bogdoana.  We  have  distinctly  ascertained,  that 
the  siphon  is  placed  exactly  as  in  the  Ammonites  and  Goniatites. 

Rut  to  resume  our  account  of  these  singular  outliers  of  the  steppe.  According 
to  the  Baron  V.  Humboldt,  the  summit  of  the  greater  Bogdo,  of  which  the  annexed 
woodcut  is  a  section,  is  537  English  feet  above  the  ocean,  and  hence  upwards  of 
600  feet  above  the  Caspian  Sea.  The  beds  dip  south-west  about  30°,  and  there- 
fore in  an  opposite  direction  to  the  chief  masses  of  the  Little  Bogdo. 

The  base  of  this  hill  consists  of  saliferous  strata  of  argillaceous  marl  (a),  from 
which  brine-springs  issue  and  deposit  solid  banks  of  salt  in  the  adjacent  lake  ;  beds 
of  the  thickuess  of  a  foot  being  sometimes  formed  in  a  single  year.  Gypseous 


courses  occur,  and  marl  so  red  that  it  is  used  as  paint  by  the  natives.  To  these  suc- 
ceeds a  considerable  thickness  of  sandstone,  the  lower  part  of  which  (b)  is  soft, 
friable,  and  thin-bedded,  and  the  upper  (c)  is  a  reddish  grit,  occasionally  coarse- 
grained and  hard,  and  containing  rose-coloured  quartz,  Lydian  stone  and  small 
striated  concretions.  Above  these  strata  is  a  sandy,  red  and  white  argillaceous 
marl  (d),  which,  from  the  alternation  of  course*  of  white  marl,  has  a  ribboned 
aspect,  and  this  rock,  in  which  Pallas  found  some  salt,  has  a  thickness  of  about 
200  feet.  The  summit  is  composed  of  a  grey-coloured  limestone  (<•)  of  about  100 
feet  thickness,  which  divided  into  flags,  has  certainly  very  much  the  aspect  of 
Muschelkalk.  Near  its  base  it  is  loaded  with  a  great  Gervillia ;  and  higher  up 
with  casts  of  a  Perna,  which  in  the  general  outline  has  some  analogy  with  the 
Inoceramus  rostratus  of  the  Jura  limestone  (Goldf.  pi.  115.  fig.  3.). 

On  the  opposite  side  of  the  hill  we  found,  in  addition  to  the  Ammonites  Bogdo- 
anus, a  compressed  Mytilus  somewhat  resembling  the  Af.  eduliformis  of  the  Mus- 
chelkalk, and  small  bivalves  which  may  be  referred  to  the  genus  Donax.  The  ge- 
neral character  of  these  fossils,  so  very  different  from  those  we  have  observed  in 
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any  other  part  of  Russia,  and  the  entire  absence  of  pala-ozoic  forms",  seem  to 
conspire  with  the  order  of  the  strata,  to  lead  us  to  consider  this  limestone  of  the 
steppe  of  Astrakhan,  as  a  stage  in  the  geological  series  superior  to  the  Permian 
system,  and  which  has  not  been  observed  in  any  part  of  Russia  properly  so  called 
(see  Map). 

We  are  very  far  from  believing  that  these  upper  beds  are  Jurassic,  both  because 
we  have  not  found  among  them  any  of  the  fossils  which  characterize  the  strata  of 
that  age  in  Russia,  and  also  because  the  limestone  of  Bogdo  is  very  dissimilar  to 
any  beds  of  that  epoch  with  which  we  are  acquainted. 

If,  after  all,  the  exact  geological  horizon  of  the  limestone  of  Mount  Bogdo  is 
uncertain,  our  researches  have,  wc  trust,  limited  the  range  of  formations  to 
which  it  can  be  referred  ;  for  it  is  now  ascertained  to  be  younger  than  the  great 
body  of  the  Permian  and  older  than  the  Jurassic  strata.  Looking,  therefore,  to  the 
"  fades"  and  dominant  character  of  the  fossils,  and  seeing  that  the  limestone  in 
which  they  lie  passes  gradually  downwards  into  saliferous  rocks  which  form  a 
part  of  the  Permian  system,  we  are  disposed  to  approach  very  nearly  to  the  opi- 
nion of  M.  Von  Buch,  and  to  think  that  if  not  the  equivalent  of  the  Muschelkalk, 
these  beds  must  at  all  events  approach  to  that  age. 

Origin  of  the  Salt  of  the  Steppe  of  Astrakhan.— In  previous  chapters  it  has  been 
shown,  that  salt  sources  rise  out  of  different  deposits  in  Russia,  from  the  base  of 
the  Devonian  system  to  the  red  rocks  associated  with  the  Zechstein ;  and  as  the 
largest  and  best-developed  masses  of  rock-salt  are  of  the  latter  uge,  and  the  saline 
sources  of  the  steppe  of  Astrakhan  issue  from  the  foot  of  Mount  Bogdo,  we 
believe  that  they  have  their  origin  in  similar  masses  of  rock-salt.  It  is,  indeed, 
quite  evident,  that  these  and  similar  saline  sources  are  due  to  subterranean 
causes  of  an  ancient  date,  and  arc  in  no  way  dependent  upon  the  recent  desicca- 
tion and  retreat  of  the  Caspian  Sea ;  for  it  is  only  where  the  mounts  of  red  sand- 
stone rise  out  in  this  wide  plain,  that  permanent  salt-springs  arc  known.  In 
other  parts  of  the  same  steppe,  abounding  as  the  surface  does  in  marine  shells, 
the  finest  fresh  water  is  obtained,  by  boring  to  a  few  feet  into  the  sand  and  gravel. 

1  Although  the  Ammonite*  Bogdixtnu*  has  not  serrated  lobes,  like  those  of  the  Ccratitos  of  the  Mus- 
chelkalk, atul  ought,  according  to  Btrict  generic  definition,  to  he  placed  among  the  Goniatitcs,  it  offers, 
nevertheless,  by  the  form  of  its  chambers,  a  very  strong  analogy  to  the  Ceratites.  The  inclination  of  the 
folds  of  the  lobes  towards  the  interior  edge  of  the  whorls,  and  their  comparative  narrowness,  recall  forcibly 
to  the  mind  of  the  geologist  the  Ceratitet  nodatu*  of  the  Muschelkalk  (see  Part  III.). 
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We  shall  hereafter  show,  that  all  this  low  tract  was  once  occupied  by  a  Caspian 
Sea,  and  endeavour  to  give  some  proof  of  the  high  level  at  which  its  waters  once 
stood  j  but  we  again  insist,  that  the  salt  springs  to  which  we  have  alluded,  are  com- 
pletely independent  of  any  such  comparatively  recent  cause,  and  are  derived  from 
a  subsoil  formed  in  the  earlier  zones  of  the  earth's  crust.  If  we  mistake  not,  a 
great  number  of  the  saline  lakes  of  Eastern  Russia  and  Siberia  will  be  found  to 
owe  their  qualities  to  the  lodgement  of  water  in  depressions  fed  by  salt  springs 
or  communicating  with  masses  of  rock  salt '.  However  this  may  be,  the  facts  to 
which  we  have  adverted  in  Russia  proper,  may  be  turned  eventually  to  national 
advantage,  in  a  country  where  nearly  horizontal  strata  occupy  vast,  regular  depres- 
sions ;  for  wherever  salt  sources  have  their  natural  outbreak  at  the  edges  of  such 
basins,  we  may  feel  certain,  that  artesian  wells  sunk  in  favourable  places  within 
their  area,  might  raise  salt  to  the  surface,  in  districts  removed  at  inconvenient 
distances  from  the  usual  marts  of  this  indispensable  commodity  A  hint  on  this 
point  is  sufficient  for  the  intelligent  administration  of  the  Imperial  Mines. 

1  Wc  have  been  recently  informed  by  M.  Hommaire  de  Hell,  an  enterprising  French  engineer,  who  hag 
prepared  for  publication  a  Map  of  Southern  Russia,  that,  in  the  southern  steppes  which  wc  did  not 
visit,  between  the  Black  and  Caspian  Seas,  there  is  a  very  general  occurrence  of  clay  impregnated 
with  saline  particles,  though  the  ordinary  sundy  superficial  covering  of  the  country  yield*  fresh  water. 
In  dry  seasons  no  salt  is  procured ;  but  when  the  inferior  clay  has  been  saturated  by  heavy  rains, 
lake*  are  formed,  which,  on  evaporating,  leave  considerable  saline  incrustation*.  The  saliferous  pro- 
perty of  this  steppe  i*  considered  by  M.  Hommaire  to  be  a  residuary  phenomenon,  due  to  the  desic- 
cation of  the  once  submarine  tract  which  connected  the  Black  and  Caspian  Seas  (see  Map).  We  may 
return  to  the  consideration  of  this  subject  in  a  future  chapter,  when  wc  treat  of  recent  changes ;  and,  in 
the  mean  time,  wc  simply  remark,  that  if  the  inferences  of  M.  Hommaire  be  admitted,  they  do  not 
in  any  way  interfere  with  our  geological  facts,  as  to  the  ancient  origin  of  the  permanent  salt  sources 
to  which  we  have  adverted. 


Formation  of  Ice  in  thb  Cave  of  Illetzkaya-Zastchita  explained. 

Since  the  preceding  pages  were  printed,  Professor  Wheatstone  has  called  our 
attention  to  a  memoir  of  Professor  Pictet  of  Geneva,  explanatory  of  the  formation 
and  conservation  of  summer- ice  in  natural  caverns'.  These  caverns,  near  Be- 
sancon  and  in  the  Jura,  occur  in  tracts  where  the  mean  cold  is  above  the  freezing 
point,  and  it  is  also  said  of  them,  as  of  Illctzkaya,  (p.  186),  that  the  hotter  the 
summer  the  greater  is  the  quantity  of  ice  they  contain.  The  grotto  of  La  Baume 
near  Besancon  presents,  indeed,  a  close  analogy  to  our  Russian  example,  as  it  lies 

•  Sec  Edinburgh  Phil.  Joum.,  vol.  lift.  p.  l.and  Bibliotheque  Univeraellc. 
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within  the  lower  part  of  a  hillock  of  about  the  same  height  as  the  little  mount  of 
llletzkaya.  Seeing  from  their  position,  that  such  masses  of  ice  cannot  be  the  residue 
of  a  winter  deposit,  Professor  Pictet  accounts  for  their  formation  by  extending  the 
views  of  De  Saussure,  respecting  the  descending  currents  of  cold  air,  which  in  hot 
summers  traverse  the  artificial  mound  of  broken  pottery  at  Monte  Testaceo  near 
Rome,  as  well  as  the  sides  of  certain  rifted  calcareous  hills  in  Italy  and  Switzer- 
land. Professor  Pictet  argues,  that  in  his  ice-caves  (as  in  certain  mines  with  ver- 
tical shafts  above  them  and  horizontal  galleries  on  the  lower  sides  of  the  hills)  the 
downward  current  of  air  during  summer  must  acquire,  during  its  descent,  the  tem- 
perature of  the  vertical  portion  of  the  crevices  through  which  it  passes  ;  that 
temperature  being  in  general  at  least  as  low  as  the  mean  temperature  of  the  place. 
He  also  supposes  (with  De  Saussure),  that  the  air  descending  through  the  fissures 
in  the  strata,  must  be  still  further  cooled  by  the  refrigerating  effects  of  evaporation, 
derived  from  the  moistened  materials  which  it  encounters  in  its  progress. 

If  this  explanation  be  applicable  to  the  ice-caves  near  Resancon  and  in  the  Jura, 
it  applies,  we  conceive,  much  more  strongly  to  our  case  in  Russia,  where  the  nu- 
merous icicles  pendent  from  the  roof  of  the  cavern  and  the  stalagmitic  crust  of  ice 
on  the  floor,  equally  indicate  a  previously  wet  and  damp  roof,  affording  a  passage 
to  water  ;  whilst  the  excessive  dryness  of  the  external  air  of  these  southern  steppes,  to 
which  we  have  specially  adverted,  must  contribute  most  powerfully  to  the  refrige- 
rating effects  of  evaporation.  We  may  add,  that  this  view  is  supported  by  refer- 
ence to  the  climate  of  the  plains  of  Orenburg,  in  which  the  great  wetness  of  spring 
caused  by  the  melting  of  the  snow,  is  succeeded  by  an  intense  and  dry  Asiatic 
heat.  These  conditions,  cooperating  with  the  form  of  the  grotto,  the  fissures  above 
it,  and  the  horizontal  opening  into  it  at  the  foot  of  the  hill — features  quite  analo- 
gous to  the  vertical  shafts  and  horizontal  galleries  of  mines,  referred  to  by  the 
Genevese  Professor — seem  to  us  completely  to  explain  the  phenomenon  of  llletz- 
kaya, and  with  it  all  those  examples  of  ice-caverns  mentioned  by  Pallas  in  still 
more  southern  latitudes. 


P.S.  We  intended,  as  announced,  to  terminate  this  chapter  with  a  review  of  the 
Organic  Remains  of  the  Permian  strata,  but  feeling  that  this  important  subject 
could  not  thus  be  done  justice  to,  we  have  devoted  an  entire  chapter  to  its  con- 
sideration, giving  at  the  same  time  our  ultimate  view  of  the  correct  equivalents  of 
the  Permian  deposits  in  Western  Europe. 


CHAPTER  X. 


Equivalents  of  the  Permian  System  in  Germany  and  other  Parts  of  Europe. — Analy- 
tical  Review  of  its  Animal  Contents. — Permian  Flora. — Close  of  Paleozoic  life. — 
Table  of  the  Permian  Fauna. 

In  this  chapter  we  will  first  give  the  results  of  our  recent  comparisons  in  Ger- 
many,  and  our  general  view  of  the  equivalents  of  the  Permian  System  in  Western 
Europe,  and  next  a  detailed  analysis  and  tabular  view  of  its  organic  remains. 

Since  the  earlier  chapters  of  this  work  were  written,  the  visit  to  Germany  before 
alluded  to  (p.  *"  j,  has  led  us  to  form  a  more  correct  view  respecting  those  depo- 
sits of  Western  Europe  which  might  be  placed  in  parallel  with  the  Permian  system. 
We  have  now  learnt,  that  the  opinion  which  till  recently  prevailed,  that  the 
"  Rohte-todte-liegende  "  formed  a  natural  member  of  the  carboniferous  group,  has 
been  abandoned,  and  that  these  deposits  are  known  to  be  separated  from  and  un- 
conformable to  each  other.  Of  this  fact  we  became  convinced  by  visiting  the 
territory  around  Zwickau  in  Saxony,  and  we  have  obtained  the  authority  of  Pro- 
fessor Naumann  for  adhering  to  it.  In  that  tract,  Captain  Gutbier  having  largely 
collected  the  plants  belonging  to  both  deposits,  his  specimens  enabled  us  to  see, 
that  the  Flora  of  the  Rohte-todte-liegende,  which  is  there  well  preserved,  in  finely 
levigated  white  claystones,  contains  certain  forms  which  are  either  identical  with, 
or  closely  allied  to,  our  Permian  plants ;  whilst  among  them,  though  they  are  all 
of  carboniferous  genera,  there  is  not  one  of  the  characteristic  species  so  ahundant 
in  the  subjacent  coal-field.  On  the  other  hand,  though  the  Rohte-todte-liegende 
is  there  unconformable  to  the  coal-measures,  and  is  distinguished  by  peculiar  plants, 
it  passes  conformably  upwards  into  the  Zechstein,  and  thus  forms  a  natural  group 
with  that  deposit. 

A  similarly  close  connexion  exists  in  Upper  Silesia.  In  the  mountainous  tracts 
which  range  by  Waldenburg  towards  Glatz,  a  small  productive  coal-field  is  over- 
laid by  a  series  of  red  sandstones,  conglomerates,  aud  shale,  in  the  upper  part  of 
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which,  particularly  near  Friedland  and  Rupersdorf  on  the  Bohemian  frontier, 
a  black,  bituminous  limestone  occurs.  This  calcareous  rock,  thus  interlaced 
with  red  deposits  which  represent  the  Rohte-todte-liegende,  and  immediately  over- 
lying the  coal-measures,  contains  Zechstein  fishes,  associated  with  plants  closely 
resembling  those  of  our  Permian  types.  Of  the  fishes,  the  Paheoniscus  Wratisla- 
vinuU  (Ag.)  and  the  P.  lepidurus  (Ag.)  are  the  most  abundant ;  and  among  the 
most  common  of  the  plants  we  may  cite  a  Neuropteris  (Odontopteiis),  which  is 
never  found  in  the  underlying  coal-measures,  but  is  very  characteristic  of  the 
Permian  deposits  of  Russia.  This  identification  is  established  on  the  au- 
thority of  that  excellent  fossil  botanist,  Professor  Goppert,  who  subscribed  to  our 
opinion,  that  the  other  plants  of  the  limestone  and  flagstone  of  this  red  group,  are 
distinct  in  species  from  those  of  the  carboniferous  strata.  Now,  as  the  fishes 
also,  are  referred  to  the  same  type  as  the  Ichthyolites  found  in  the  Zechstein  of 
Western  Germany  and  in  the  parallel  rocks  of  Russia,  there  can  be  no  doubt,  that 
these  Silcsian  beds  of  red  sandstone,  shale,  marl,  and  conglomerate,  with  an  in- 
cluded limestone,  not  only  represent  the  Permian  system,  but  are  singularly  in- 
teresting, in  indicating  a  closer  approach  to  the  Russian  form  of  the  deposit  than 
their  representatives  in  the  west  of  Europe.  We,  therefore,  confidently  revert  to 
the  view  which  we  expressed  in  proposing  the  term  Permian,  and  we  unhesitatingly 
include  the  Rohte-todte-liegende  in  this  natural  group'. 

Having  thus  indicated  the  strata  which  are  the  lower  members  of  the  Permian 
series  in  Germany,  can  wc  pursue  the  parallel  upwards,  and  show,  that,  as  in 
Russia,  some  of  the  beds  overlying  the  Zechstein  are  also  to  be  grouped  with  that 
rock  ?  This  question  is  one  of  considerable  importance ;  for,  as  by  its  organic 
contents  the  Zechstein  is  now  admitted  to  be  of  palaeozoic  age,  we  are  called 
upon  to  decide,  whether  its  uppermost  natural  limit  was  completed  when  the 
last  beds  of  limestone  were  accumulated.  What  then  are  the  facts  in  Germany 
to  support  this  view  ?  The  answer  is,  that  the  Bunter  Sandstein  or  next  over- 
lying rock,  forms  there  as  conformable  a  roof  to  the  Zechstein,  as  the  latter  does 
to  the  Rohte-todte-liegende.  That  limestone,  therefore,  with  the  Kupfer-schiefer 
and  its  dependences,  is  thus  simply  the  fossil-bearing  centre  of  a  great  deposit  of 
red  conglomerates,  shales,  and  sandstone.  Wherever,  indeed,  the  Zechstein  occurs 
in  a  tract  in  which  its  relations  to  the  overlying  sandstone  can  be  traced,  the  two 

'  Sec  Letter  of  Mr.  Murchison  to  Dr.  Fischer  von  Wnldheim,  Sept.  1841.  Moscow.  Leonhard  and 
Bronii's  Juhrhucli  for  1842,  part  1,  p.  91  ;  and  Phil.  Mag.  vol.  xix.  p.  418. 
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are  found  so  intimately  united,  that  the  discovery  of  any  Permian  fossils  in  the 
overlying  rocks,  would  at  once  compel  geologists  to  place  both  series  of  beds  in  the 
same  natural  group.  Now,  in  Germany,  this  next  overlying  mass  of  rocks  (the 
Bunter  Sandstein)  is  divided  into  two  members,  the  lower  of  which  is  composed 
chiefly  of  sandstone,  and  the  upper  of  marl ;  and  in  the  lower  of  these,  as  far  as 
our  knowledge  goes,  no  fossil  remains  have  yet  been  found,  with  the  exception  of 
the  Catamites  arenarius,  a  plant  which  has  been  supposed  to  have  a  close  affinity 
to,  if  indeed  it  be  distinguishable  from,  one  of  the  carboniferous  forms. 

Under  these  negative  circumstances  in  Germany,  and  with  the  positive  evi- 
dences derived  from  Russia,  that  the  palaeozoic  type  of  the  Zechstein  if  continued 
into  sandstones  and  conglomerates  above  that  rock,  particularly  through  certain  im- 
bedded plants,  we  think  that  the  lower  part  of  the  Bunter  Sandstein  in  Germany 
(occurring  as  it  does  in  exactly  the  same  stratigraphical  position  as  the  upper  con- 
glomerates, marls  and  sands  in  Russia)  must  be  separated  from  the  Trias  and  united 
with  the  Zechstein. 

In  throwing  out  this  suggestion,  we  by  no  means  wish  to  abstract  from  the 
Trias  the  whole  of  the  lowermost  of  its  three  members.  We  long  ago  examined 
in  situ  those  sections  near  Strasburg  and  other  places,  which,  by  means  of  a  con- 
tinuous series  of  animal  and  vegetable  remains,  unquestionably  connect  certain 
underlying  red  marls  and  sands  with  the  Muschelkalk.  We  simply  point  out,  that 
as  the  thick  deposit  of  Bunter  Sandstein  is,  according  to  the  newest  German  au- 
thorities, divisible  (lithologically ')  into  two  members,  the  lowest  band,  or  a  part  of 
it,  may  be  placed  on  the  parallel  of  beds  occupying  a  similar  position  in  Russia, 
and  in  which  palaeozoic  types  prevail ;  whilst  the  upper  Bunter  marls  and  the  "Gres 
bigarre" "  properly  so  called,  will  doubtless  continue  to  form  the  true  base  of  the 
Trias  or  secondary  rocks  (see  woodcut,  p.  204).  The  state  of  the  case,  when  fairly 
put,  seems  to  be  this.  The  region  of  Permia  has  first  afforded  proofs  of  the  palae- 
ozoic shells  and  plants  being  extended  upwards  into  red  deposits  above  the  Zech- 
stein, whilst  the  strata  occupying  a  similar  position  in  other  parts  of  Europe  have 
not  yet  contributed  any  opposing  evidence,  either  as  regards  stratigraphical  arrange- 
ment or  fossil  contents. 

In  England  there  is,  we  apprehend,  little  difficulty  in  grouping  the  various 
members  above  the  coal-measures,  which  constitute  or  represent  the  Permian 
system.    The  most  important  of  them  were  long  ago  ably  described  by  Professor 

i  Sec  Tuble  prepared  by  M.  Cotta,  attached  to  the  geological  map*  of  Saxony  prepared  by  Profewor 
Naumann  and  himself.  Wc  may  add,  that  in  u  Utter  to  ut,  Profcesor  Naumann  »cca  no  objection  to  our 
proposed  clarification. 
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Sedgwick,  when  he  showed,  for  the  first  time,  that  the  Lower  New  Red  sandstone  ' 
was  the  equivalent  of  the  Rohte-todte-liegende  (Pontefract  rock  of  Smith), — which 
overlaid  conformably  by  the  Magnesian  Limestone  or  Zechstein  (the  latter  rock 
with  flags  representing  the  Kupfer-schiefer) ,  was  associated  with  red  marls,  gypsum 
and  sands.  His  section,  indeed,  of  the  succession  near  Kirkby  in  Nottingham- 
shire, exhibiting  a  lower  and  an  upper  red  sandstone,  with  beds  of  shale  and  lime- 
stone between  them,  the  whole  overlying  the  coal-measures  (in  this  instance  con- 
formably), is  a  very  good  illustration  of  our  united  group  *.  In  other  parts  of  En- 
gland adjacent  to  theSiluriau  region,  we  place  in  parallel  with  the  Permian  system, 
all  those  red  sandstones  and  conglomerates,  which  immediately  surround  and 
overlie  the  coal-ticlds  of  the  central  counties,  and  in  which  the  Magnesian  Lime- 
stone or  Zechstein  is  represented  simply  by  a  calcareous  conglomerate,  occasionally 
dolomitic  \ 

In  respect  to  Germany  we  may  further  state,  that  besides  visiting  in  1843  certain 
tracts  in  and  around  Saxony,  including  the  Thuringerwald  (with  the  environs  of 
Halle  we  were  previously  acquainted),  we  also  examined  that  part  of  Hesse  Cassel 
of  which  Ricchelsdorf  is  the  centre,  in  all  of  which  districts  we  perceived  a  con- 
formable succession  from  the  Rohte-todte-liegende  and  Zechstein  into  the  lower 
Buuter  Sandstein.  In  Hesse  Cassel,  indeed,  M.  Althaus  of  Rothenburg,  an  in- 
telligent geologist  and  a  director  of  mines,  has  distinguished  in  his  district,  a  lower 
from  an  upper  Bunter  Sandstein,  the  former  constituting,  as  in  other  parts  of  Ger- 
many, the  regular  cap  of  the  Zechstein. 

Now,  whilst  this  lower  Bunter  Sandstein  of  Central  Germany  is  unproductive  of 
animal  remains,  a  similar  negative  character  pertains  to  the  rocks  of  the  same  age 
which  range  up  to  the  valley  of  the  Rhiue  south  of  Frankfort,  and  extend  from 

'  Scarcely  any  plant*  of  the  Lower  New  Red  of  Kngland  have  yet  been  made  known.  The  "  Pon- 
tefntet  Hock  "  of  William  Smith,  which  is  not  unlike  one  of  the  varieties  of  our  Permian  grit*,  contain*. 
M  wc  are  informed  by  Professor  Phillips,  some  obscure  plants,  one  of  which  was  described  by  Professor 
Lindley.  Fo«sil  Flora,  vol.  iii.  pi.  193.  We  cannot  mention  the  name  of  so  distinguished  a  geologist  as 
Professor  Phillips  without  stating,  that  he  has  Ibng  been  of  opinion,  that  the  shells  of  the  Magnesian 
Limeittone  are  of  the  true  pala-ozoic  type  ,  and,  although  Mr.  Murcbison  waa  formerly  opposed  to  this 
classification,  chiefly  on  account  of  the  Magnesian  Limestone  containing  Saurians — vcrtebrata  unknown 
in  the  older  pala-oroic  divisions-  he  ha*  since  become  completely  convinced  of  its  accuracy.  It  is  right 
on  his  part  to  state,  that  his  colleagues.  M.  de  Verneuil  and  Count  Keyserling,  were  always  of  the  same 
opinion  as  Professor  Phillips. 

»  Geol.  Trans..  New  Series,  vol.  iii.  pp.  56,  57.  80  and  81.  plate  5.  fig.  1. 

'  Sec  Silurian  System,  pp.  54  ft  »ey.,  466  rt  trq..  and  plates  20  and  37.  See  also  new  Geological 
Map  of  England  by  Mr.  MurchUon,  published  by  the  Society  for  the  Diffusion  of  Useful  Knowledge,  in 
which  the  Permian  classific  ,tion  is  for  the  first  time  applied. 
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Heidelberg  to  Baden-Baden.  At  the  latter  place,  the  formation  assimilates  to  its 
type  in  the  Vosges  mountains  on  the  opposite  bank  of  the  Rhine,  where  it  has 
been  admirably  described  by  M.  Elie  de  Beaumont  under  the  name  of  "  (ires 
de  Vosges,"  and  clearly  separated  by  him  from  the  overlying  Trias.  As  in  the 
Vosges,  the  Zechstein  is  omitted  at  Baden-Baden,  and  the  series  consists,  in  as- 
cending order,  of  a  conglomerate  often  composed  of  granitic,  porphyritic  and  older 
slaty  rocks,  succeeded  by  sandstone  and  shale,  both  red,  white  and  mottled. 
Though  we  entertained  no  doubt  when  on  the  spot,  that  these  strata,  as  well  as 
those  of  the  Vosges  mountains,  through  which  wc  passed,  were  the  equivalents  of 
our  Permian  rocks,  it  is  a  high  gratification  to  be  able  to  state,  that  upon  consult- 
ing M.  de  Beaumont,  we  find  this  eminent  geologist  is  quite  of  our  opinion,  and 
that  he  adopts  with  us  the  classification  by  which  our  Permian  group,  compre- 
hending the  Rohte-todte-liegende,  the  Zechstein  and  the  lower  Bunter  Sandstein, 
is  represented  in  the  Rhenish  country  and  in  France  by  the  "  Gres  des  Vosges '." 

In  the  comparison,  however,  with  Central  Germany,  it  is  well  to  state,  that  the 
Russian  succession  presents  few  or  no  traces  of  the  thick  development  of  red  sand- 
stone and  conglomerate  which  is  distinctly  intercalated  between  the  carboniferous 
rocks  and  the  Zechstein  \  as  might  be  expected  in  a  flat  and  undisturbed  region. 
In  some  Russian  tracts,  indeed,  we  have  Bhown,  that  the  Zechstein  or  Permian 
fossils  imbedded  in  marlstone  and  limestone  succeed,  with  scarcely  any  other 
intervening  rocks  than  bands  of  gypsum,  to  the  great  mass  of  the  carboniferous 
limestone.  In  other  districts,  however,  grey  grits  and  sandstones  underlie  as 
well  as  overlie  those  courses  of  limestone  which  represent  the  Zechstein,  whilst 
the  conglomerates  chiefly  cover  the  calcareous  zone.  But  we  must  not  attach 
undue  importance  to  the  identification  of  mineral  structure  in  establishing  a  suc- 
cession in  synchronous  deposits  of  distant  countries.  We  have  already  seen, 
that  with  a  most  striking  similarity  in  the  general  distribution  of  life,  between 
each  great  paleozoic  system  of  Russia  and  its  equivalents  in  Western  Europe, 
the  examination  of  Russia  has  revealed  to  us  very  considerable  discrepancies  in 
the  nature  of  the  imbedding  rocks.  To  recede,  for  example,  no  further  tbau  the 
immediately  subjacent  deposit,  we  learn  that  the  great  masses  of  the  coal-fields  of 

1  See  M,  de  Beaumonfi  view  of  the  Ores  de  Vo*ge»,  Mem.  jwur  *ervir,  vol.  i.  and  "  Description  dt- 
la  Carte  Gcol.  dc  France,"  vol.  i.  p.  391  rt  »ey. 

•  It  U  very  probable  that  certain  sandstones  and  conglomerates  (not  tbc  goniatite  grits  of  Artinsk),  ou 
the  western  flank  of  the  Ural  Mountains,  may  represent,  as  before  said,  the  Rohto-todtc-liegende,  a  ]>oint 
to  which  we  shall  revert  in  Part  II.    Sec  Table  with  the  Map. 
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England,  France,  Belgium  and  America  have  no  well-marked  equivalents  in  Russia, 
nearly  the  whole  of  the  carbonaceous  matter  in  the  empire  being  included  in  the 
lower  or  calcareous  member  of  that  system. 

We  repeat,  then,  that  the  Permian  rocks  of  Russia  consist  of  an  assemblage  of 
sandstones,  grits,  conglomerates  and  marls,  with  subordinate  bauds  of  gypsum  and 
limestone,  which,  without  exactly  following  the  same  detailed  mineral  sequence  as 
the  deposits  of  similar  age  in  Germany,  is  bound  together  by  certain  natural  links  ; 
and  we  are  thereby  induced  to  propose  the  word  Permian,  to  designate  a  natural 
group  in  Europe,  hitherto  undistinguished  by  any  common  name. 

To  dispel  all  uncertainty  from  the  minds  of  our  readers  concerning  the  equiva- 
lents of  the  Permian  system  in  Western  Europe,  and  their  prevalent  relations  to 
the  strata  beneath  and  above  them,  we  annex  the  accompanying  woodcut. 

33. 


In  exhibiting  this  diagram,  we  do  not  mean  to  assert,  that  the  carboniferous  strata 
are  everywhere  unconformable,  as  here  represented,  to  the  base  of  the  Permian 
rocks.  Sections  in  England  have,  indeed,  already  been  cited,  which  show  a  per- 
fect conformity  between  these  deposits  ;  though  many  other  cases  in  the  same 
country  may  also  be  appealed  to,  where  they  are  as  discordant  as  in  Germany, 
and  where  the  surface  of  the  carboniferous  strata  has  undergone  denudation 
as  well  as  dislocation  anterior  to  the  accumulation  of  the  overlying  deposits'.  On 
the  other  hand,  there  is  no  example,  in  any  part  of  Europe,  of  the  slightest  un- 
conformability  between  the  upper  part  of  the  Palaeozoic  or  Permian  rocks  and  the 
lower  secondary  or  Trias  ;  and  yet  the  carboniferous  and  Permian  fossils  have  that 
striking  community  of  character  which  we  shall  develope  in  the  succeeding  pages, 
whilst  the  Permian  and  Triassic  fossils  are  entirely  distinct. 

>  Sec  memoir  of  Professor  Sedgwick,  Wmprn.Gcol.  Trims,  vol.  iii.  plate  5.  fig.  3.  pUte  G.  fig.  l.&e. 
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This  is  an  important  fact',  and  we  dwell  upon  it  as  a  proof,  that  the  most  marked 
distinctions  between  the  fossils  of  succeeding  formations  cannot  always  be  referred 
to  violent  physical  revolutions  of  the  surface,  by  which,  as  it  has  been  supposed 
one  group  of  animals  was  annihilated  anterior  to  the  creation  of  another.  In  the 
previous  chapters  we  have,  indeed,  demonstrated,  that  throughout  vast  regions  of 
Russia,  the  older  deposits  are  most  clearly  separable  from  each  other  by  means  of 
their  respective  fossils,  although  they  are  all  apparently  conformable. 

We  will  now  strengthen  our  conclusions  respecting  the  independence  and  true 
relations  of  the  Permian  system,  by  some  general  observations  on  its  organic 
remains,  and  by  showing  in  a  tabular  view  their  distribution,  as  far  as  it  is  known, 
in  various  parts  of  Europe. 

Review  of  the  Organic  Remains  of  the  Permian  System. — Though  less  copious 
than  that  of  the  inferior  palaeozoic  rocks,  the  fauna  of  the  Permian  System,  being 
less  known,  well  merits  a  detailed  examination.  It  constitutes,  in  fact,  the  remnant 
of  the  earUer  creation  of  animals,  the  various  developments  of  which  we  have  fol- 
lowed through  the  three  preceding  ages ;  and  exhibits  the  last  of  the  partial  and 
successive  alterations  which  those  creatures  underwent  before  their  final  disappear- 
ance. The  dwindling  away  and  extinction  of  many  of  the  types,  produced  and 
multiplied  in  such  profusion  during  the  anterior  epochs,  and  the  creation  of  a  new 
class  of  large  animals,  the  Saurians,  clearly  announce  the  end  of  the  long  palaeo- 
zoic period  and  the  beginning  of  a  new  order  of  zoological  conditions. 

The  two  greatest  revolutions  in  the  extinct  organic  world  are  those  which  sepa- 
rated the  palaeozoic  from  the  secondary  age,  and  the  latter  from  the  tertiary. 
Viewed  as  the  conclusion  of  the  first  of  these  epochs,  the  Permian  deposits  must, 
therefore,  excite  in  the  minds  of  geologists  an  interest,  not  inferior  to  that  connected 
with  the  upper  chalk,  in  displaying  a  similar  apparent  termination  to  a  series  of 
organic  bodies. 

The  species  which  characterize  the  Zechstein  or  Magnesian  Limestone  and  the 
Kupfer-schicfer  having  hitherto  been  mentioned  in  a  number  of  detached  works 
only,  we  have  thought  it  advisable  to  group  them  together  with  our  newly-discovered 
forms,  in  a  synoptical  table,  in  which  we  indicate  the  authors  who  have  described 
each  species,  its  synonyms,  and  the  beds  in  which  it  has  been  found. 

1  In  reference  to  this  generalization,  we  must,  however,  bear  in  mind,  that  the  "  Ores  dca  Vcwges," 
which  we  have  included  in  the  Permian  system,  has  been  shown  by  M.  Elie  de  Beaumont,  to  have  been, 
elevated  anttrior  to  the  accumulation  of  the  "  Grta  bigarre  "  and  Kcupcr. 
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This  inventory  of  an  assemblage  of  submarine  animals,  which  modern  re- 
searches have  taught  us  were  about  to  pass  away,  has  the  advantage  of  enabling  us 
to  compare  the  whole  Permian  fauna  with  that  of  the  preceding  epochs,  and  also 
the  special  fauna  of  this  epoch  in  Russia,  with  that  of  the  corresponding  deposits 
of  Western  Europe.  Under  these  two  points  of  view,  we  shall  now  successively 
consider  the  subject. 

The  total  number  of  Permian  species  cited  in  our  table,  including  four  or  five 
which  are  doubtful,  is  about  1G6.  In  this  estimate,  on  the  other  hand,  we  do  not 
reckon  a  few  forms  alluded  to  by  some  authors,  the  bad  state  of  preservation  of  which 
or  other  causes  have  prevented  their  being  precisely  determined.  This  number  is 
really  small,  when  we  compare  it  with  that  of  the  fauna  of  the  Carboniferous  or 
Devonian  epochs,  in  each  of  which  more  than  1000  species  have  been  either 
figured  or  described.  Of  the  166  known  species,  148  are  exclusively  characteristic 
of  the  Permian  system,  whilst  1 8  only  are  found  in  the  whole  underlying  series  of 
Silurian,  Devonian  and  Carboniferous  rocks.  If  we  dissect  these  numbers,  in  order 
to  deduce  the  various  elements  of  their  composition,  we  easily  discover  the  charac- 
teristic features  which  distinguish  the  Permian  from  the  subjacent  Carboniferous 
system. 

The  corals,  which  in  the  carboniferous  epoch  amount  to  more  than  100  species, 
are,  in  the  Permian  system,  reduced  to  fifteen,  and  even  of  such  forms  three  or 
four  only  are  abundant,  and  these,  acording  to  Mr.  Lonsdale,  are  chiefly  species 
of  Fenestella1.  This  sound  naturalist  also  informs  us,  that  not  one  of  the  Permian 
corals  actually  examined  by  him  has  been  found  satisfactorily  rcferriblc  to  carboni- 
ferous or  older  species,  though  they  belong  to  genera  which  have  a  marked  palaeo- 
zoic character. 

The  Crinoidea  are  extremely  scarce,  and  of  the  seventy  to  seventy-five  species 
which  inhabited  the  carboniferous  seas,  one  only,  the  Cyathocrinites  planus  (Mill.), 
appears  to  have  lived  during  the  Permian  epoch.  Even  this  solitary  species  is  ex- 
tremely rare,  and  we  are  as  yet  unacquainted  with  it  in  Russia. 

1  Since  the  two  previous  chapters  were  printed,  we  have  been  favoured  by  our  valued  friend  Mr. 
Lonsdale  with  a  corrected  list  of  the  Permian  corals,  founded  not  only  on  the  examination  of  all  the 
Russian  specimens  we  collected,  but  also  on  a  rich  assemblage  of  English  species  submitted  to  him  at  our 
request  by  Mr.  King  of  Newcastle-upon-Tyne.  The  new  names  in  the  table  at  the  end  of  this  chapter 
ar«  those  of  Mr.  Lonsdale,  and  his  explanation  of  the  changes  he  has  found  it  necessary  to  make  in  the 
names  of  previous  writers,  will  be  given  in  Part  111. 
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Among  the  shells  of  the  ancient  formations,  the  Brachiopods  are  those  to  which, 
in  common  with  other  practical  geologists,  we  attach  the  greatest  importance  ; 
and  it  is  by  their  evidences  that  we  are  best  enabled  to  trace  the  close  connexion 
between  the  Carboniferous  and  Permian  systems.  Ten  out  of  the  thirty  Permian 
species  are  common  to  the  two  systems,  whilst  the  genera  Productus  and  Spirifer, 
both  characteristic  of  the  carboniferous  epoch,  are  continued  throughout  the  Per- 
mian deposits ;  the  first  offering  six,  the  second  eight  species.  All  the  Permian 
Producti  are  very  spinous,  and  the  prominent  species  is  the  P.  horridus  (Sow.), 
(P.  aculeatw  (Schloth.).  Two  only  of  this  genus  are  ornamented  with  regular 
longitudinal  stria?,  viz.  the  P.  Cancrini  (nob.)  and  P.  Leplayi  (nob.),  the  first  of 
which  has  a  very  singular  distribution.  Occurring  profusely  through  the  Permian 
strata  of  Russia,  and  serving  there  as  an  infallible  mark  of  their  age,  it  is  com- 
pletely wanting  in  the  corresponding  deposits  of  Western  Europe,  but  is  found  in 
one  well-known  locality  of  carboniferous  limestone  at  Vise  in  Belgium '. 

The  Spirifers  of  the  Permian  system,  being  all  plaited,  have  much  analogy  with 
those  of  the  inferior  strata:  two  species  appear  to  be  common  to  this  and  the  car- 
boniferous series,  one  of  which,  however,  referred  by  us  to  the  B.  hystericus,  is  still 
doubtful. 

The  Orthis,  one  of  the  earliest  forms  of  Brachiopods,  and  which  we  have  Bhown 
to  be  so  eminently  characteristic  of  the  first  or  Silurian  period,  decreases  in  the 
number  of  its  species  as  it  ranges  through  the  Devonian  and  Carboniferous  zones, 
and  in  the  Permian  it  has  but  three  representatives,  one  of  which  occurs  in  Russia 
and  two  in  Germany. 

The  small  genus  Chonetes  (Fischer),  the  importance  of  which  is  chiefly  due 
to  the  wide  distribution  of  one  of  its  species,  the  C.  sarcinulata  (Leptana  lata, 
V.  Buch),  may  be  said,  in  its  European  distribution,  to  rise  from  the  Silurian  into 
the  Carboniferous  system  ;  and  if  our  views  respecting  the  gypsiferous  tracts  near 
Bachmuth  be  correct,  into  Permian  deposits  also.  It  is  so  abundant  in  the 
Ludlow  rocks  (Upper  Silurian)  of  England,  as  to  be  one  of  the  best  types  of  that 
formation,  and  in  Sweden  it  seems  to  occur  in  beds  of  the  same  age.  In  the 
palaeozoic  rocks  of  Great  Britain  and  Belgium,  indeed,  it  continues  to  the  Car- 
boniferous series  inclusive  j  whilst  in  Russia,  being  entirely  absent  in  the  Silurian 
and  Devonian  systems,  it  appears  for  the  first  time  in  the  Carboniferous,  and 
more  abundantly  than  in  the  corresponding  deposits  of  the  west !  This  fact,  though 

'  See  De  Koninck.  De«crip.  Fom.  Belg.  p.  179.  pL  9.  f.  3.  1842. 
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remarkable,  is  not  inexplicable,  even  by  reference  to  such  laws  of  distribution  as 
must  have  resulted  from  repeated  changes  of  the  configuration  of  the  bottom  of 
the  sea,  and  other  submarine  phenomena,  by  means  of  which  this  species  of  Cho- 
netes  may  have  been  displaced  from  its  western  habitat  at  an  early  period,  and  pro- 
pagated towards  the  east,  where,  under  favouring  conditions,  it  subsequently 
assumed  a  great  development ;  thus  offering  the  rare  example  of  a  species,  which, 
changing  its  region,  lived  through  three  great  palaeozoic  epochs,  and  was  partially 
in  existence  during  a  fourth. 

The  genus  Pentamerus,  so  characteristic  of  the  Silurian  epoch,  and  which  begins 
to  be  very  rare  in  the  Devonian  strata,  has  not  hitherto  been  found  in  the  Car- 
boniferous deposits,  and  docs  not  reappear  in  the  Permian  epoch.  Conformably, 
however,  with  the  prevailing  evidences  of  the  development  of  nature,  which  in  the 
modifications  of  beings  at  successive  periods,  seems  often  to  retain  some  feature 
of  the  preceding  types,  the  Silurian  and  Devonian  Pentameri  are  represented  in 
the  groups  which  next  followed  by  forms  of  Terebratulse,  which  offer  in  their 
internal  arrangement  a  part  of  the  structure  of  Peniameri'.  We  here  allude  to 
the  Terebratula  Schlotheimi,  V.  Buch,  and  T.  superstes  (nob.).  In  these  species,  in 
fact,  the  dorsal  valve  is  furnished,  as  in  the  Pentameri,  with  two  oblique,  dividing 
plates,  which  unite  at  their  base,  and  are  fixed  on  to  a  vertical  septum  that  is 
attached  longitudinally  to  the  central  portion  of  the  shell.  These  singular  Tere- 
bratulae  of  the  Carboniferous  and  Permian  deposits,  which  thus  replace  the  Pen- 
tameri, disappear  in  their  turn  at  the  close  of  the  Palaeozoic  age.  The  Tcrebratula 
Schlotheimi,  we  may  here  observe,  presents  the  remarkable  peculiarity,  that  in  Russia 
it  belongs  exclusively  to  the  Carboniferous  rocks,  in  two  localities  of  which  it  has 
been  detected  ;  whilst  in  England  and  Germany  it  is  a  characteristic  fossil  of  the 
Magnesian  Limestone  and  Zechstein. 

The  Permian  deposits  do  not  contain  more  than  nine  species  of  Terebratulas  which 
have  been  correctly  determined,  five  of  which  are  found  in  the  lower  Palaeozoic 
formations.  The  prevailing  species  are  smooth  with  concentric  striae,  one  only,  the 
T.  Geinitziana  (nob.),  which  is  allied  to  the  T.  Thurmanni,  being  plaited. 

In  effect,  if  the  firachiopods  be  viewed  as  a  whole,  we  believe  that  of  upwards 
of  200  species  which  prevailed  during  the  carboniferous  epoch,  ten  only  prolonged 

1  Mr.  King,  Curator  of  the  Natural  History  Society  of  Ncwcaetlc-upon-Tj-nc,  with  whom  ire  have  been 
in  correspondence  upon  tbia  subject,  proposes  to  establish  a  new  genua  for  theae  i hells  under  the  name 


of  Camerophoria  (aee  hi*  forthcoming  Description  of  the  foanil*  of  the  Magneaian  Limeatone  of  England). 
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their  existence  into  the  Permian  a?ra,  whilst  twenty  new  species  complete  the  total 
number  which  researches  have  shown  to  have  occurred  in  this  last  period. 

Passing  now  to  the  Conchifers  of  the  order  Dimyaria,  we  may  state,  that  whilst 
upwards  of  120  species  have  been  detected  in  the  Carboniferous  strata,  their  num- 
ber is  reduced  to  twenty-six  in  the  Permian  system.  Among  the  most  characteristic 
of  this  family,  the  genus  Modiola  is  extensively  found  through  Russia  and  England. 
In  the  former  country,  our  Modiola  Pallasi  is  as  certain  a  type  of  the  age  of  the 
rocks  in  which  it  occurs,  as  the  Productut  Cancrini  (nob.) :  in  England  the  charac- 
teristic Modiola  is  the  M.  costata.  The  genus  Axinus1,  so  very  abundant  in  the 
Magnesian  Limestone,  and  so  peculiar  to  that  rock,  has  its  Russian  representatives 
in  the  A.  Rossicus  (nob.),  and  in  the  A.  pusillus. 

Among  the  Monomyaria  the  genus  Avicula  is  nearly  as  important  as  the  Mo- 
diola in  the  Dimyaria.  It  contains  eight  species,  all  of  small  size  and  generally 
smooth.  The  best  known  in  Western  Europe  are  the  Avicula  keratophaga,  A. 
antiqua,  and  A.  sptluncaria.  One  of  the  valves  of  the  last  mentioned  has  a  gryphoid 
form,  and  bears  a  great  resemblance  to  our  Russian  type,  A.  Kazanensis. 

The  number  of  the  Monomyaria,  amounting  to  about  seventy-five  in  the  Car- 
boniferous epoch,  is  reduced  to  sixteen  in  our  system,  and  fifteen  of  these  are 
peculiar  to  it.  The  Avicula  antiqua,  found  by  ourselves  in  the  carboniferous 
limestone  of  Vitegra  and  of  Malayoraslovetz,  between  Kaluga  and  Moscow,  is 
the  only  species  of  the  genus  which  is  common  to  this  and  another  palaeozoic 
zone. 

The  Gastropods  appear  to  have  undergone  much  diminution  in  the  formation 
of  the  Permian  strata,  and  to  have  had  great  difficulty  in  accommodating  them- 
selves to  new  conditions.  For,  if  we  pass  over  the  seven  minute  species  of  Turbo 
and  Rissoa,  occurring  in  one  locality  only  near  Manchester*,  the  number  of  Gastro- 
pods known  throughout  England,  Germany  and  Russia,  in  rocks  of  this  age,  amounts 
but  to  fifteen  species,  a  number  which  must  appear  still  more  insignificant,  when 
we  reflect,  that  as  many  as  225  species  of  this  class  are  known  in  the  Carboniferous 
system.  These  fifteen  Permian  species  are  almost  all  new  j  three  only  having  been 
able  to  live  on  from  the  Carboniferous  to  the  Permian  epoch.  The  rarity  of  indi- 
vidual Gastropods  which  are  met  with  in  the  strata,  seems  to  combine  with  the 

i  School,  MSS..  King.    See  Obicrrations,  Tabic,  p.  224. 

*  This  deposit  u  described  by  Mr.  Binncy,  1st  vol.  Tnuw.  Geol.  Soc.  Manchester,  and  the  ihell*  art 
determined  by  Mr.  Brown. 
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paucity  of  species  to  make  us  presume,  that  the  causes  which  were  opposed  to  their 
free  development  produced  very  extensive  effects. 

The  Cephalopoda,  which  under  the  forms  of  Goniatites,  Nautilus  and  Ortho- 
ceras  were  so  numerous  during  the  Carboniferous  period,  that  1 60  species  have 
been  already  described  from  its  strata,  were  almost  entirely  annihilated  previous  to 
or  at  the  commencement  of  the  Permian  aera.  At  all  events,  notwithstanding 
our  keen  researches,  we  have  been  unable  to  obtain  the  smallest  trace  of  a  Go- 
niatite  or  Orthoceratite  in  any  of  the  Permian  tracts  of  Russia,  the  only  specimen 
of  Cephalopod  which  we  coidd  detect  being  a  fragment  of  a  doubtful  Cyrtoceras,  in 
the  limestone  of  Shidrova,  near  Ust-Vaga.  A  Nautilus,  figured  by  Dr.  Geinitz1, 
is  the  only  specimen  of  a  Cephalopod  with  which  we  are  acquainted  in  the  Zechstein 
of  Germany.  The  museum  of  the  Natural  History  Society  of  Newcastle  possesses 
also  some  fragments  of  a  Nautilus,  to  which  Mr.  King  refers  the  portions  of  a 
chambered  shell,  assigned  to  an  ammonite  by  Professor  Sedgwick,  in  his  Memoir 
on  the  Magnesian  Limestone.  Now  if  the  chambered  fragments  which  we  found 
in  Russia,  and  supposed  to  belong  to  a  Cyrtoceras,  should  prove  to  be  portions  of  a 
Nautilus,  the  Cephalopods  are  reduced  to  a  solitary  genus  of  very  rare  occurrence. 

This  scarcity  of  Cephalopods  at  the  close  of  the  Palaeozoic  a?ra  has  a  remarkable 
parallel  in  a  subsequent  geological  period  ;  for  as  these  animals  were  reproduced  in 
vast  abuudance  and  under  many  new  forms  in  the  Triassic,  Jurassic1,  and  Creta- 
ceous systems,  so  towards  the  termination  of  the  last  of  these,  we  perceive  a 
second  and  similar  disappearance  of  the  greater  number  of  shelly  Cephalopods. 
The  extreme  reduction  in  the  number  of  Gastropods  at  the  close  of  the  Cretaceous 
period  is,  indeed,  an  additional  feature  of  resemblance  between  these  two  epochs  ; 
for  twenty-four  species  of  this  class  only  have  been  discovered  by  M.  d'Orbigny  in 

1  Ncucs  Jahrbuch,  Lconhard,  1841,  pi.  11.  f.  1.  Whilst  wc  write  Professor  Sedgwick  ha*  discovered 
»  Nnutilus  in  the  Ixiwer  Silurian  rocks  of  Bala  in  North  Wales,  and  thus  Cephalopoda  of  this  generic 
form,  hare  existed  from  the  older  Palaeozoic  or  Protozoic  to  the  present  period,  however  they  mar  have 
been  obliterated  at  certain  epochs. 

*  The  recent  resesrebes  of  M.  Aleidc  D'Orbigny  have  led  him  to  believe,  that  the  clo»e  of  the  Jurassic 
period  bears  a  strong  analogy  to  the  termination  of  the  Palaeozoic  and  Cretaceous  «rras  in  the  notable 
diminution  of  the  number  of  chambered  shells.  In  the  Portland  rock  he  admits  but  three  species  of 
Ammonites,  which  certainly  seem  to  be  of  small  value  when  contrasted  with  the  prodigious  numbers  of 
species  of  these  creatures  on  the  one  hand  in  the  lias,  lower  and  middle  oolite,  and  on  the  other  iu  the 
succeeding  greensand  and  cretaceous  rocks.  English  geologists,  however,  cannot  forget  that  in  the 
frequent  occurrence  of  the  same  species  and  in  the  extraordinary  size  of  the  individuals,  the  Portland  rock 
is  eminently  Ammonitic. 
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the  upper  chalk,  whilst  he  describes  134  in  the  lower  member  of  the  formation 
(crate  chlorite'e). 

If  future  discoveries  and  a  more  perfect  acquaintance  with  the  zoology  of  these 
epochs,  should  oppose  no  evidence  to  conflict  with  that  which  is  now  accumulated, 
some  persons  might  be  led  to  perceive  in  this  grand  and  intermittent  phenomenon, 
the  recurrence  of  a  general  law.  Whilst,  however,  our  present  acquaintance  with 
their  respective  faunas  would  certainly  lead  us  to  conclude,  that  the  Permian  and 
Cretaceous  systems  have  each  preceded  an  almost  entire  renovation  of  animal  life, 
it  is  right  to  state,  that  judging  from  many  of  their  generic  forms,  the  upper  secon- 
dary rocks  seem  to  have  prepared  the  way  for  the  sequence  of  the  tertiary  strata. 
In  short,  some  geologists,  including  ourselves,  who  have  contended  for  this  view, 
are  still  disposed  to  think,  that  with  increased  observation,  a  zoological  passage 
may  be  discovered  between  the  upper  chalk  and  the  lower  tertiary  deposits. 

But  after  all,  we  are  far  from  wishing  to  draw  wide  conclusions  from  limited 
and  insufficient  data ;  and  wc  are  too  well  aware  of  the  recency  of  the  discovery 
of  multitudes  of  species  in  the  older  Palaeozoic  rocks,  not  to  be  alive  to  the 
necessity  of  much  caution  in  deducing  general  zoological  inferences.  We  have 
still,  however,  great  reliance  on  the  fact,  that  few  strata  have  been  longer  or  more 
assiduously  examined,  than  the  Zcchstein  and  Kupfer-schiefer  of  the  Germans 
and  the  Magnesian  Limestone  of  the  English  ;  and,  as  the  activity  of  modern  col- 
lectors has  added  little  to  our  stock  of  knowledge  of  the  animal  remains  of  these 
rocks,  we  have  a  fair  right  to  reason  upon  the  general  character  of  their  fauna. 
Yet  more  have  we  authority  to  take  this  view,  when  by  traversing  the  vast  basin 
of  Russia,  occupied  by  synchronous  strata,  we  find  the  same  group  of  fossils  and 
the  same  species  extending  from  the  mouth  of  the  Petchora  and  the  country  of  the 
Samoyedes  upon  the  Northern  Ocean,  to  the  south  of  Orenburg,  or  over  upwards 
of  1 8  degrees  of  latitude  1 ! 

'  Whilst  we  write  we  have  received  intelligence  from  our  friend  and  colleague.  Count  Kcyserling,  that 
in  an  expedition  during  the  last  summer  with  M.  Krusenstern,  to  determine  the  geographical  outline*, 
geological  structure,  and  natural  productions  of  the  region  around  the  embouchure  of  the  Petchora,  he 
has  there  traced  the  Permian  strata  occupying  the  plateaux  on  its  left  bank ;  the  depressions  being  occu- 
pied by  Jurassic  and  poet-pleiocene  deposits.  He  has  further  discovered  an  UDdescribed  low  chain  of 
mountains  called  the  Timans,  forty  to  fifty  rerrts  wide,  which,  trending  from  the  sources  of  the  Vitchegda 
to  the  north-north- we»t,  forms  the  eastern  limit  of  the  Permian  deposits,  and  is  separated  from  the  Ural 
by  the  Tery  broad  intervening  trough  of  the  Petchora.  In  this  ridge  and  trough,  as  in  the  North  Ural,  the 
Permian  rocks  do  not  exist ;  the  only  sedimentary  strata  being  the  Lower  Palafozoic,  which  are  associated 
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If  we  extend  our  review  to  the  higher  orders  of  creatures  in  the  Permian  system, 
we  perceive  that  Trilobites  are  entirely  wanting.  Schlotheim  alone  has  spoken  of 
a  fragment  of  a  Trilobite  in  the  copper  slate  of  Saxony,  but  Count  Munster  has 
ascertained  that  this  supposed  Crustacean  is  an  ichthyolite,  belonging  to  his  genus 
Janassa.  The  entire  disappearance  of  these  beings,  so  characteristic  of  the  most 
ancient  formations,  is  one  of  those  striking  phenomena  to  which  we  attach  great 
importance.  In  the  study  of  the  palaeozoic  succession  we  sec,  indeed,  that  the 
disappearance  of  this  race  is  regularly  announced,  by  a  gradual  diminution  of  its 
numbers  during  the  preceding  epochs.  Appearing  among  the  earliest  forms  of 
life  and  having  their  maximum  of  development  in  the  Silurian  period,  TrilobiteB 
decrease  very  sensibly  in  the  Devonian  strata,  and  in  the  carboniferous  deposits 
are  reduced  to  some  few  small  species,  of  which  the  Phillipsia  and  Griffithides 
(Portlock)  are  the  last  expiring  forms.  And  here  we  are  presented  with  one  of 
those  beautiful  links  in  natural  history,  of  which  the  strata  forming  the  earth's  crust 
have  afforded  so  many  proofs ;  for,  with  the  final  extinction  of  a  family  destined 
never  more  to  reappear,  its  place  is  taken  by  an  allied  Crustacean,  the  Limulus, 
the  earliest  form  of  which  was  created  during  the  formation  of  the  great  coal- 
fields, and  was  followed,  in  our  Permian  system,  by  the  large  and  remarkable  species 
as  yet  peculiar  to  Russia,  the  Limulus  ecu  lot  us  (Kutorga).  Unlike  the  Trilobite, 
the  Limulus  has  survived  all  the  numerous  revolutions  which  have  followed  its 
creation,  and  some  of  its  species,  far  different  indeed  from  the  earlier  types,  arc 
co  existent  with  our  own  race. 

Unfavourable  as  the  conditions  of  life  in  Europe  seem  to  have  been,  during 
the  Permian  sera,  to  many  orders  of  Mollusca,  and  notably  to  the  peculiar  crusta- 
ceans called  Trilobites,  they  were  not  antagonist  to  the  propagation  of  aquatic  Ver- 
tebrata.  The  fishes,  which,  commencing  in  the  Upper  Silurian  rocks,  obtained  a 
great  development  in  the  Devonian  and  Carboniferous  »ras,  hold  a  considerable 
proportion  with  reference  to  other  classes  in  the  Permian  fauna.  They  are 
represented  by  sixteen  genera  including  forty-three  species,  all  of  which,  save  one, 
are  peculiar  to  the  Permian  deposits.  The  solitary  exception  is  the  PaUeonis- 
cus  Freislebeni  (Ag.),  which  it  is  right  to  observe,  has  been  detected  at  Ardwick, 

with  granitic,  eruptive  and  mctamorphic  rocks.  This  subject,  embracing  the  discovery  of  many  well- 
characterized  Silurian  fossils  not  hitherto  observed  in  the  Baltic  provinces,  together  with  well-recognized 
Devonian  fishes  and  Carboniferous  types,  is  mentioned  at  greater  length  in  our  Introduction,  and  will  be 
again  alluded  to  in  the  subsequent  pages.    (Sec  Map). 
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near  Manchester,  and  in  the  uppermost  coal-measures  only ;  beds,  in  fact,  imme- 
diately subjacent  to  strata  of  the  Permian  age1.  Whilst,  therefore,  fishes,  con- 
sidered as  a  class,  were  propagated  throughout  the  a;ra  of  which  we  are  treating, 
we  see  in  the  solitary  presence  of  this  species,  and  in  one  district  alone,  the 
confirmation  of  that  law  generalized  by  the  researches  of  Agassiz,  that  these  vcr- 
tebrata  serve  to  mark  with  extreme  precision  the  age  of  the  deposit  in  which  they 
are  found  ;  there  being  the  rarest  example  of  any  one  species  having  lived  beyond 
the  duration  of  the  waters  and  the  peculiar  sediment  in  which  it  was  called  into 
being. 

Above  all,  the  Permian  epoch  is  remarkable  in  being  the  most  ancient,  in  which 
the  labours  of  geologists  have  as  yet  brought  to  light  the  existence  of  Saurians. 
The  bones  of  this  class  of  large  Vertebrata  occur,  both  in  beds  beneath  the  Zech- 
stein  and  in  the  upper  portion  of  the  system, — we  speak  of  the  Thecodont  Sau- 
rians, Pala?osaurus  and  Protosaurus.  This  striking  fact,  which  is  in  parallel,  if  we 
may  so  speak,  with  the  annihilation  of  Trilobites,  indicates  the  incessant  action  of 
that  law  of  improvement  and  partial  alteration  in  the  animal  kingdom,  the  effects 
of  which  are  slow  and  successive,  and  appear  to  be  often  independent  (specially  so, 
indeed,  in  Russia)  of  those  great  physical  mutations  which  have  affected  the  sur- 
face of  the  planet. 

Having  reviewed  the  Permian  fauna  as  a  whole,  and  having  brought  prominently 
forward  the  relations  by  which  it  is  connected  with  those  of  the  preceding  period, 
ii  is  now  necessary  to  consider  it  under  another  point  of  view,  and  to  ascertain  the 
nature  of  the  modifications  which  it  undergoes  in  distant  geographical  regions.  In 
the  first  instance  we  have  followed  it  back  in  time,  and  have  compared  the  whole 
fauna  of  the  period  with  that  which  preceded  it  We  are  now  called  upon  to  study 
it  in  distance,  or  in  its  horizontal  extension,  to  compare  its  different  parts  with  each 
other,  the  fossils  of  Russia  with  those  of  Western  Europe ;  and  to  sec  whether 
zoological  deductions  confirm  the  parallelism  which  we  establish,  between  the  vast 
Permian  basin  of  Russia,  and  the  more  circumscribed  deposits  associated  with 
the  Zechstcin  and  Magnesian  Limestone  of  our  own  countries. 

In  Russia,  as  in  all  other  parts  of  Europe,  the  Permian  fauna  is  poor  in  its  variety 
of  species.  The  shells  are  for  the  most  part  found  in  the  calcareous  bands  which 
occupy  its  lower  and  central  divisions,  constituting,  like  the  Zechstcin  and  Kupfer- 
achiefer  of  Germany,  or  the  Magnesian  Limestone  of  England,  the  great  centre  of 

'  Silurian  System,  p.  89. 
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the  animal  life  of  the  epoch.  Yet  here  again,  as  in  the  preceding  and  subsequent 
ages,  we  can  by  no  means  bring  the  Russian  succession  of  Permian  strata  into  a 
detailed  stratigraphical  analogy  with  that  of  Western  Europe.  Thus,  for  example, 
as  we  have  before  explained,  the  calcareous  courses  of  Russia  occasionally  inosculate 
with  great  thicknesses  of  fossiliferous  grit;  but  the  Saurians,  fishes,  certain  Pro- 
duct! and  Modioli,  with  most  of  the  plants,  unquestionably  occur  in  conglome- 
rates, sands,  tufaceous  limestones  and  marls  which  overlie  the  beds  with  Zechstein 
fossils.  In  Germany,  on  the  other  hand,  the  Protorosaurus,  so  long  known  there  in 
the  deposits  of  this  age,  occurs  in  the  Kupfer-schiefer  or  beds  beneath  the  Zech- 
stein. It  is  true,  that  over  enormous  areas  of  Russia,  we  were  enabled  to  detect 
fossils  in  the  superior  strata  at  wide  intervals  only'.  Long-continued  and  minute 
labours  to  discover  fossils  were  indeed  incompatible  with  the  chief  object  of  our  re- 
searches, which  was  necessarily  directed  to  the  general  classification  of  the  deposits, 
which  in  Russia  are  spread  over  such  wide  districts.  Still,  in  justice  to  ourselves, 
we  must  say,  that  in  overcoming  the  obstacles  which  we  encountered,  in  order  to 
arrive  at  a  true  estimate  of  the  equivalents  of  the  Permian  group,  we  neglected  no 
means  within  our  reach.  In  proof  of  this  we  may  state,  that  our  list  contains  fifty- 
three  Russian  species,  a  greater  number  than  that  of  any  preceding  author  who 
has  described  deposits  of  this  age  in  Western  Europe,  where  they  have  been  so 
long  under  examination.  Tins  fact,  considering  the  rapid  nature  of  our  journey 
and  the  very  few  fossils  of  this  age  known  in  these  regions,  before  we  traversed 
them*,  proves,  as  we  might  indeed  expect,  that  the  number  of  Permian  fossils  will 
be  found  to  be  in  proportion  to  the  extent  of  the  sea  of  that  epoch,  the  bottom  of 
which  has  been  explored. 

To  enable  our  readers  to  form  their  own  conclusions  on  this  point,  let  us  cast  a 
rapid  glance  over  the  various  fossil  lists  which  have  been  published  by  authors 
who  have  described  the  Zechstein  of  Germany  or  of  England. 

Schlotheim ',  who  first  paid  attention  to  the  organic  remains  of  this  group,  de- 
scribes fifteen  species  only. 

1  Terebratuhc  have  been  since  found  by  Count  Kcyscrling  on  the  banks  of  the  river  Suchona,  in  bed* 
wherein  we  did  not  detect  fossils.  (See  Map,  and  p.  177.) 

«  Our  excellent  friend  Major  Wangcnhcim  Von  Qualen  is  the  only  person  of  our  acquaintance,  who 
residing  in  the  heart  of  the  Permian  region,  occupies  himself  in  collecting  fossils.  To  him  is  due  the 
discovery  of  the  Saurians  described  by  Fischer  and  mentioned  by  ourselves,  and  wc  learn  whilst  we  write, 
that  he  has  found  an  almost  entire  skeleton  of  one  of  these  animals. 

»  Dcnkschriften  dcr  Mun.  Akad..  1817,  vol.  vi. 
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Professor  Sedgwick in  his  memoir  on  the  Magnesian  Limestone  of  the  North 
of  England,  indicates  thirty-three  species  distributed  in  the  following  manner : — 
Fishes,  8  ;  Ccphalopod  (fragment  of)  ;  shells,  22  j  of  these  8  only  are  determined; 
and  2  Reteporcs. 

M.  Quenstedt  *,  in  a  careful  comparison  of  the  fossils  of  the  Zechstein  of  Thu- 
ringia  with  those  of  the  Magnesian  Limestone  of  England,  enumerates  10  fishes, 
16  shells,  1  encrinitc,  and  4  corals. 

M.  Kurtzc3  and  Professor  Germar4,  in  describing  the  organic  remains  of  the 
Kupfcr  Schiefer  of  Mansfeld,  have  made  us  accpiainted  with  8  or  10  fishes  only  ; 
but  Professor  Agassiz  and  Count  Minister  have  amply  supplied  the  deficiency  \ 

Mr.  Binney  and  Mr.  Brown s  have  recognised  1 7  species  of  fossils,  many  of  them 
microscopic,  in  the  red  marls  of  Manchester,  which  we  consider  to  be  of  this  age. 

Lastly,  the  list  of  the  remains  of  the  Zechstein  of  Saxony,  recently  prepared  by 
Dr.  Geinitz7,  includes  11  fishes,  1  Nautilus,  7  Gasteropods  (3  only  determined), 
8  Conchifers,  11  Brachiopods,  1  Encrinus,  and  5  corals — in  all  41  species. 

The  number  of  species,  as  wc  have  just  said,  which  we  collected  in  Russia, 
amounts  to  fifty-three,  i.  e.  about  a  third  of  the  total  number  composing  the  whole 
of  the  known  Permian  fauna.  Of  these  thirty-two  are  peculiar  to  Russia.  Among 
the  21  species  which  remain,  16  are  known  in  the  Zechstein  of  Germany  or  in  the 
Magnesian  Limestone  of  England,  and  5  only  appear  to  be  absolutely  identical 
with  species  which  have  hitherto  been  found  in  the  more  ancient  palreozoic  depo- 
sits. If  we  analyse  this  number  of  16,  which  is  common  to  the  Permian  system 
of  Russia  and  the  rest  of  Europe,  we  perceive  that  four  of  the  species  existed  at  the 
preceding  or  Carboniferous  period ;  and  if  to  these,  five  others  be  added,  which  in 
Russia  are  peculiar  to  the  Permian  strata,  whilst  they  are  identical  with  carboni- 
ferous forms  of  other  countries,  we  learn  that  among  21  Permian  species  common 
to  Russia  and  Western  Europe,  9  have  lived  on  during  both  epochs.  When,  how- 
ever, we  restrict  our  view  to  Russia,  it  is  found  that  of  these  9,  3  only  of  the  53 

'  On  the  geological  relations,  etc.  of  the  Magnesian  Limestone  (Transact.  Oeol.  Soc.  of  London.  2nd 
scries,  vol.  iii.  part  1,  1829). 

■  Obcr  die  identitiit  dcr  petrificatc  der  Thuringischen  und  Englischeu  Zechsteincs  (Wicgm.  Archiv, 
1839.  p.  79-80,  pi.  i-). 

>  Kurtzc  ;  commcntatio  dc  pt-trcfactis  qua;  in  schisto  hituminoso  Mansfcldcnsi  repcriuntur.  Halite,  1839. 
*  Germar;  die  Verstcinerungen  der  Manafelder  Kupferschiefers.    Halle,  1840. 
»  Agassiz.  Poissons  Fossilcs,  and  Minister's  Beitragc.  Heft  1,  3,  5  and  6. 
1  Transactions  of  the  Manchester  Geological  Society,  1841.  vol.  i. 
'  Gsea  von  Sachsen  (Dresden  und  Leipzig,  1843). 
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Permian  species  of  that  country  descend  into  the  palaeozoic  rocks.  These  results 
prove,  that  there  necessarily  exists  a  relation  between  the  greater  or  less  duration 
of  the  existence  of  species  and  their  propagation  or  extension  to  distant  parts,  and 
it  confirms,  in  a  remarkable  manner,  that  law  previously  announced  by  one  of  us1, 
viz.  "  that  the  species  which  are  found  in  a  great  number  of  localities,  in  very  distant 
countries,  are  almost  always  those  which  have  lived  during  the  formation  of  several 
different  systems." 

Let  us  now  take  a  rapid  view  of  the  species  found  in  Russia,  in  order  to  com- 
pare them,  in  each  class,  with  those  of  other  parts  of  Europe,  and  thus  to  bring 
out  in  strong  relief  the  contemporaneity  of  the  deposit  in  distant  countries. 

By  the  study  of  ichthyolites  Paleontology  seemed  to  teach  us,  as  we  have  before 
said,  that  in  proportion  to  their  elevation  in  the  animal  kingdom,  fossils  are  most 
characteristic  of  given  deposits.  But  much  caution  is  required  before  we  can  reason 
from  this  doctrine  inversely,  and  infer  that  the  lower  the  order  of  animal  the  more 
uncertain  criterion  is  it  of  the  age  of  the  stratum.  From  the  existence  of  some  species 
of  corals,  both  in  Silurian  and  Devonian  rocks  of  great  thickness,  it  is  ascertained, 
that  under  certain  conditions  these  creatures  lived  on  through  very  long  periods.  But 
can  we  apply  this  view  to  the  Permian  rocks?  Are  Polypifers  of  the  pre-existing 
Carboniferous  age  found  in  them,  and  to  what  extent  ?  Had  our  own  imperfect  know- 
ledge been  appealed  to,  we  should  have  said  with  our  precursors,  that  several  forms 
of  this  low  class  of  beings  were  common  to  the  two  systems.  The  philosophic 
researches,  however,  of  Mr.  Lonsdale  have  convinced  this  great  authority  on  such 
a  subject2,  that  when  examined  under  a  lens  of  high  power,  nearly  all  the  Permian 
corals  are  seen  to  be  distinct  in  species  from  those  of  the  Carboniferous  a?ra. 

Concerning  the  Brachiopods  we  may  venture  to  express  our  own  opinion.  Of 
twenty  species  eight  are  peculiar  to  Russia,  and  twelve  are  already  known 
elsewhere.  These  twelve  species  are  thus  distributed  :  two,  viz.  Terebratula  pec- 
tinifera  and  T.  plica,  belong  exclusively  to  the  Zechstein  of  Western  Europe  ;  a 
third,  Spirifer  undulatus,  is  doubtful ;  three,  viz.  S.  cristatus,  Terebratula  elongata 
and  Lingula  Mytiloides,  are  common  to  the  Zechstein  and  the  older  formations  ; 
one,  the  Terebratula  Schlotheimi,  occurs  in  carboniferous  rocks  in  Western  Europe, 
and  in  the  Permian  strata  of  Russia :  and  lastly,  five  others,  Terebratula  Royssii, 

i  Dc  Vcrncuil  and  D'Archiac,  Trutu>.  Ucol.  Soc.  Lund.  2nd  aerie*,  vol.  vi.  p.  335. 

*  See  Mr.  Lonsdale's  Description  of  the  Coral,  of  the  Silurian  and  Devonian  rocks  in  MukUmo'i  ■  Silu- 
rian  System;'  also  in  the  OeoL Trans,  vol.r.  p.  734  ;  vol.vi.  p.  227  ft  teg.  Sec  al*o  hie  Description  of 
the  Russian  Corals  in  an  Appendix. 
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T.  eoncentrica,  Spirifer  hystericus,  Chonetes  sarcinulata  and  Productw  Cancrini,  are 
peculiar,  in  the  west,  to  the  carboniferous  or  subjacent  formations.  The  com- 
parison of  these  twelve  species  of  Brachiopods  with  those  of  Western  Europe, 
appears,  at  first  sight,  to  be  indecisive  of  the  question,  as  to  the  stage  in  the 
geological  series  in  which  we  ought  to  place  the  Permian  deposits  of  Russia.  But 
without  even  quittiug  this  class  of  Brachiopods,  the  consideration  of  their  other 
species  shows  an  amount  of  parallelism,  in  the  modifications  they  have  undergone 
simultaneously  in  both  countries,  which  in  itself  excludes  all  doubt.  The  Pro- 
ductus  horrescens,  for  example,  however  distinguishable  from  the  P.  horridus,  is 
evidently  the  analogue  of  this  shell  so  characteristic  of  the  Zechstein  ;  and  the 
disappearance  of  all  the  large  carboniferous  Producti  with  longitudinal  stria?,  and 
their  replacement  by  small  spinose  species,  as  well  as  the  striking  diminution  of 
every  species  of  Orthis,  both  in  Russia  and  in  the  West  of  Europe,  are  strong 
negative  characters,  which  clearly  establish  the  contemporaneity  of  distant  strata, 
accumulated  under  the  influence  of  aualogous  organic  laws. 

The  Dimyaria  present  eleven  Permian  forms  in  Russia,  of  which  eight  species  are 
peculiar  to  the  country,  and  three  others  to  the  rest  of  Europe.  Among  the  shells  of 
this  class  the  Modiola  is  the  most  abundant  genus  in  Russia, — a  fact  which  is  in 
perfect  harmony  with  the  distinguishing  features  of  the  system  in  other  countries. 

The  Monomyaria  are  less  numerous,  and  are  represented  in  Russia  by  seven 
species,  four  of  which  arc  peculiar  to  the  empire,  and  three  are  already  known  in 
the  Magnesian  Limestone  of  the  West.  These  three  species  all  belong  to  the  genus 
Avicula,  which  in  Russia,  as  in  all  the  other  regions  of  the  same  geological  age,  offers 
several  small  smooth  species,  and  is,  above  all,  rich  in  specimens.  Among  the 
species  peculiar  to  Russia,  we  may  cite  the  Avicula  Kazanensxs,  which  there  replaces 
the  Avicula  speluncaria  of  Germany,  the  existence  of  which  in  Russia  is  problematical. 

The  Gastropods  do  not  present  any  interesting  result,  except  that  of  the  very 
limited  number  of  their  species,  which  is  in  conformity  with  the  general  law  we 
have  remarked  in  the  relations  of  the  Permian  fauna.  So  is  it  with  the  Cephalopoda 
and  Trilobites  ,  for  the  entire  absence  of  the  latter  and  the  extreme  rarity  of  the 
former,  are  completely  in  harmony  with  the  facts  observed  in  the  other  Permian 
regions  of  Europe. 

The  small  number  of  fishes  enumerated  up  to  the  present  day  in  Russia  might  at 
first  seem  to  be  less  accordant  with  what  has  been  observed  elsewhere ;  but  we 
must  remark,  that  it  is  rather  to  the  want  of  suflicient  researches,  and  also  to  the 
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deficiency  of  adequate  identification  and  description,  than  to  the  non-existence 
of  such  forms,  that  the  poverty  of  our  list  is  due.  In  proof  of  this  it  may  be  stated, 
that  we  have  visited  one  of  the  chief  localities  only,  Kargala,  where  the  remains  of 
fishes  are  associated  with  those  of  thecodont  Saurians,  whilst  we  inspected  other 
specimens  from  near  Menselinsk  and  from  the  district  of  Bielebei,  as  well  as  from 
various  places  (some  of  the  best  of  which  are  now  deposited  in  the  Museum  of  the 
School  of  Mines),  which  convinced  us,  that  many  species  have  already  been 
discovered  in  true  Permian  strata'.  On  this  subject,  however,  we  must  refer  to 
the  description  preparing  by  Professor  Agassi/,  and  which  has  not  yet  reached  us, 
of  the  few  fragments  of  fishes  of  which  we  obtained  possession.  (See  Part  III.) 

Lastly,  we  repeat,  that  there  appears  in  Russia,  as  well  as  through  Western 
Europe,  in  the  deposits  of  which  we  now  treat,  a  class  of  large  and  peculiar  ver- 
tebrata  as  yet  unknown  in  older  rocks  ;  and  this  striking  coincidence  between  the 
eastern  and  western  extremities  of  a  great  continent  is  one  of  the  best  proofs,  that 
the  laws,  which  in  ancient  epochs,  presided  over  the  first  appearance  of  new  classes 
of  animals,  exercised  a  simultaneous  influence  over  vast  territories,  if  not  over 
the  whole  surface  of  the  globe. 

This  synchronous  development  of  the  chief  phenomena  of  organic  nature  ap- 
pears to  us  to  afford  additional  demonstration  of  the  contemporaneity  of  the  deposits 
which  occupy  so  large  a  portion  of  the  surface  of  Russia,  and  which  we  have 
termed  Permian,  with  those  strata  never  previously  grouped  together  upon  geolo- 
gical and  zoological  evidences  ;  viz.  the  Rothe-todte-liegende,  Kupfer  Schiefer, 
Zechstein,  or  Magnesian  Limestone,  and  the  lower  part  of  the  Hunter  Sandstein, 
or  Gres  bigarre*  (Gres  Vosgien)  of  M.  Elie  de  Beaumont.  The  number  of  Russian 
species  identical  with  those  of  Western  Europe  is,  indeed,  pretty  nearly  what  we 
might  expect  to  meet  with  in  this  remote  portion  of  Europe,  where  these  deposits, 
not  separated  from  each  other  by  chains  of  older  rocks,  or  interfered  with  by  any 
ridges  of  intrusive  character,  constitute  the  most  enormous  basin  ever  yet  described 
by  geologists,  the  uniformity  of  which  may  be  well  explained,  by  its  having  been 
accumulated  in  a  sea  of  such  very  large  dimensions. 

General  remarks  on  the  Permian  Flora. — In  the  preceding  pages  we  have  more 

1  Fossil  fishes  of  more  than  one  species  were  also  procured  by  Baron  Humboldt  and  his  associates 
Row  and  Ehrenbcrg,  from  the  copper  sands  of  Verchni-Moulinslc  near  Perm,  and  they  are  deposited  in 
the  Royal  Museum  of  Berlin,  where  we  inspected  them.  They  arc  mentioned  by  M.  O.  Rose  in  the 
description  of  the  journey  of  Baron  Humboldt,  vol.  i.  p.  117,  and  will  be  described  by  Dr.  Girard  of  Berlin. 
One  of  them  seemed  to  us  to  be  not  Tcry  distant  from  Palaonisnu  calopienu.  Ag. 
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than  once  alluded  to  the  plants  of  the  Permian  system  found  in  Russia,  and  fortu- 
nately before  this  chapter  is  closed,  we  are  enabled  to  give  their  general  character 
from  the  pen  of  M.  Adolphe  Brongniart. 

These  plants  were  first  submitted  to  the  examination  of  our  friend  Mr.  Morris,  under  whose  direction  four  plates 
of  them  were  prepared,  but  like  ourselves  he  felt  desirous  to  obtain  the  opinion  of  M.  Brongniart.  That  great 
authority  in  fossil  botany,  whose  detailed  description  will  Ik  given  in  Part  III.,  recognises  the  following  genera  and 
species,  from  the  form  of  their  leaves,  viz.  Sruroplrrit  ntlirifolia  ( Fischer).  iV.  lenuifolia  (Ad.  Brong.),  Odontopteru 
Slmycurii  (nob.)',  Adiantitr*  Stngonovii  (Fiscb.),  O.  /Vrw.wwi.  (Brong.).  O.  /TUeArW  (Brong.),  Prnptrri*  Gop- 
ptriii  (nob.),  P.  JlanjnMmii  (Brong.),  Xruropltru  (Fiscb.),  Sphmoplrrit  lobata  (nob.),  S.rroso  (nob.),  S.  wcer/o 
(Brong.),  Hgmnopliyttitrt  (Kisch.),  Koggrratkia  cvnetfolia  (Brnng.),  Sphrimptrru  (Kutorga),  »V.  rrpanta  (Brong.). 
Without  having  reference  to  the  original  specimens  of  some  of  the  ferns,  M.  Brogniart  remarks,  that  it  is  impossible 
he  should  adopt  a  decided  opinion  respecting  such  forms  as  those  which  have  been  termed  by  Fischer  Adianliln 
Gipprrtii,  A.  lirowmi,  and  A.  Brvngniarlii ;  whilst  he  has  no  doubt,  that  the  Spheaoptmt  eunei/olia  of  Kutorga  is 
certainly  a  portion  of  a  Noeggerathia,  of  which  genus  there  may.  he  says,  be  more  than  one  species. 

Judging  from  the  9tems  which  he  has  examined,  M.  Brongniart  adds  to  the  list  fspidodnuiron  (species  doubtful), 
L.  rUmgalum  (Ad.  Brong.).  Calamitn  (n.  sp.  ?),  closely  allied  to  several  species  of  the  coal  fields,  and  particularly 
to  C.  Surkawii '( 

In  conclusion,  M.  Brongniart  observes,  "  If,  after  having  thus  passed  in  review', 
all  the  specimens  of  this  system  (Terrain),  which  I  have  examined  myself,  and 
those  which  are  adequately  figured,  we  compare  this  group  of  plants,  as  yet  of 
small  numbers,  with  the  floras  of  the  periods  nearest  to  your  Permian  rocks,  I 
remark, — 1st.  That  two  species  appear  to  be  identical  with  the  plants  of  the  Car- 
boniferous deposits  (Terrain  houiller),  viz.  Neuropteris  tenuifolia  and  Lepidodendron 
elongatum ;  whilst  a  large  Calamite  approaches  to  C.  Suckowii?.  2nd.  The  other 
species,  to  the  number  of  eleven,  have  not  been  observed  up  to  this  day  in  any 
other  formation,  neither  in  the  coal-fields  nor  in  the  Trias.  These  are,  Neuropteris 
salicifolia,  Odontopteris  Strogonovii,  0.  Permiensis,  O.  Fischeri,  Pecopteris  G&p- 
ptrtii,  P.  Wangenheimii,  Sphenopterui  lobata,  8.  erosa,  8.  incerta,  Noeggerathia 
cuneifolia,  N.  expansa.  3rd.  All  these  genera  are  common  to  the  Permian  and 
the  Carboniferous  systems,  whilst  up  to  the  present  time,  the  Lepidodendron, 
Noeggerathia,  and  Odontopteris  have  been  found  in  the  latter  only,  the  true  Neu- 
ropteris having  been  rarely  detected  in  any  other  deposit.  4th.  No  one  of 
these  Permian  fossils  can  be  compared  with  the  plants  of  the  Trias.  The  absence 
of  the  characteristic  Conifera  of  the  lowermost  division  of  these  rocks  (the  Voltzise), 
and  those  even  (such  as  the  Walchia:)  which  arc  found  in  the  upper  stages  of  the 
coal-field  and  in  the  schists  of  Lode>c,  indicate  a  very  marked  difference  between 
the  Flora  of  the  Permian  system  and  that  of  the  New  Red  Sandstone  or  Trias. 
5th.  Botanically,  the  plants  of  the  Permian  system  seem  to  be  a  continuation  of 

•  The  new  species  marked  nobis  are  named  by  Mr.  Morris. 
'  These  details  are  given  in  Part  HI. 
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vegetable  life  of  the  same  nature  as  that  which  prevailed  during  the  Carboniferous 
sera.  6th.  The  fossil  plants  (few  in  number  no  doubt)  which  are  contained  in  the 
Kupfer  Schiefer  and  Zechstcin  of  Germany1,  being  for  the  most  part  marine,  are 
necessarily  very  different  from  land  plants  of  the  Permian  rocks  of  Russia." 

The  results  of  the  inquiries  of  the  botanist  are  therefore  completely  in  accord- 
ance with  those  of  the  palaeontologist.  They  clearly  prove  that  the  Permian 
system  is  the  uppermost  stage  of  that  long  Palaeozoic  series,  which  commencing 
with  the  lowest  Silurian  rocks,  presents  a  connected  succession  of  animal  and  ve- 
getable life,  the  last  traces  of  which  passed  away  with  the  termination  of  the  strata 
under  review.  Until  Russia  was  explored,  this  upper  member  of  these  ancient 
rocks  had  scarcely  afforded  a  trace  of  terrestrial  plants.  Neither  in  the  British 
Isles  nor  in  Germany  had  there  been  found  more  than  one  or  two  species  of  land 
plants  in  deposits  of  this  age,  no  one  of  which  has  yet  been  fully  identified  or  de- 
scribed. Now  in  reference  to  our  Russian  species,  such  of  them  as  had  been 
previously  alluded  to  by  other  writers,  were  placed  by  some  in  the  carboniferous 
rocks,  by  others  in  the  New  Red  Sandstone*.  Our  sections,  however,  have  shown 
that  neither  of  these  views  is  correct ;  and  as  the  Russian  plants  to  which  we  have 
called  attention,  occur  for  the  most  part  in  strata  distinctly  overlying  beds  contain- 
ing  the  fossils  of  the  Zechstein,  it  is  clear  that  certain  red  sandstones,  marls  and 
conglomerates,  above  that  rock  belong  to  our  Permian  group,  are  wholly  distinct 
from  the  Trias,  and  are  truly  Palaeozoic. 

We  repeat,  therefore,  that  we  have  now  adduced  ample  botanical  as  well  as  zoo- 
logical and  stratigraphical  evidence  to  vindicate  the  application  of  the  collective 
word  Permian,  to  a  succession  of  strata  which  had  not  been  previously  united 
through  their  geological  relations  and  organic  contents. 

These  proofs  will,  we  trust,  be  considered  as  still  more  strongly  borne  out  by 
the  grandeur  of  the  phenomena  to  which  we  have  appealed  ;  for  the  Permian  de- 
posits of  Russia  repose  upon  Carboniferous  strata  throughout  more  than  two- 
thirds  of  a  basin  which  has  a  circumference  of  not  less  than  4000  English  miles. 

1  The  species  of  plants,  ten  or  twelve  in  number,  which  have  been  found  in  the  Kupfer  Schiefer  or  the 
sandy  beds  associated  with  the  Zechstein  in  Germany,  are  chiefly  marine  fucoids,  and  have  been  termed 
Caulerpites.  According  to  M.  Adolphe  Brongniart.  the  only  terrestrial  plants  of  these  German  strata  are 
the  Tniopteris  Eckardi  (Gcrmar).  and  a  Neuropteris  mentioned  by  Nauraann.  which  not  being  deter- 
mined  U  doubtful. 

'  Sec  a  very  recent  memoir  by  M.  YasikofF,  Bull,  de  Moscou,  1843,  part  ii.  p.  237,  in  which  he  refers 
an  interesting  portion  of  the  Permian  rocks  described  by  us  upon  the  Kama,  and  between  that  river  and 
the  Sole,  cither  to  the  New  Red  Sandttont  or  the  Carboniferous  Limeitone. 
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TABULAR  LIST  OF  THE  ANIMAL  REMAINS  OF  THE  PERMIAN  SYSTEM  IN  EUROPE. 

Note. — The  abbreviations  Si  J.,  Dev.,  Corb.,  and  Perm.,  and  the  letter*  S.,  D„  C,  P.  after  the  localities,  refer  to  the  Silurian,  Devonian, 
Carboniferous  and  Permian  systems.  The  tetters  R.  and  E.  respectively  indicate  that  the  species  has  been  found  in  Russia,  or 
elsewhere  in  Europe.  The  Russian  localities  are  printed  in  Italia.  The  letters  MS.  King,  refer  to  a  monograph  of  the 
sian  Limestone  fossils  of  England,  about  to  be  published  by  Mr.  King,  Curator  of  the  Museum  at  Newcastle-upon-Tyne. 


&  G«*««*  axd  Spacies. 


POLYPARlA. 
Scyphia  

—  nndescribed  

Pe  train  ?  

—  nndescribed...  . 

Cyathophyllum 

—  profundum 


Anthophyllum? . 
—  incrustans.... 
Tubuliclidia  .... 
*P 


AuTHoas  AND 


.  King,  MS. 
Miinst. 
King,  MS. 
Goldf. 


ermar,  Geinitz,  N.  Jahrb.  1842,  p.579 
tab.  10.  f.  14  «. 
Gold/. 

I-ona.  potted,  pt.  iii  


Aulopora 
—  a: 
Kern 


Lons.  posted,  pt.  iii  

Goldf. 

King,  MS  

'Miller. 

Lons.  potteA,  pt.  iii.  Crratoph.  id.  Schl 
Mun.  Ak.vi.  pi.  2.  f.7;  Gorgonia,  id 
Goldf.  tab.  36.  f.  1  ;  Schl.  Syst.  Verg 
Pet.  Samml.  p.  19  ;  Quenstedt,  Wiegm. 
Archiv.  1835;  p.  92;  GeiniU,  N.  Jahrb 
1 84 1 ,  p.64 1 ;  and  Gseav.  Sachsen, p.98 
Gorgonia,  id. ;  Goldf.  p  98  ■  GeiniU,  Giea 
v.  Sachs,  p.  98  ;  Kntorga  Vcrh.  M.  G. 
Petersb.  1842.  pi.  6.  f.  6. 


rdubia 


4  — 


5  — 


r, 

7 1 —  r. 


ECH1NODERMATA. 
GamoiDiA. 

Encrinites  .. 


Pa  i.*oioic  StsIUM 
81 1.    Dev.  ( .irti  Perm. 


Gorgonia,  id.  Schl.  Mun.  Ak.  vi.  pi.  2 
f.4;  pi.  3.  f.  1.  (Encrinites  ramneus 
pi.  4.  f.  In.)  Gorgonia  i< 
f.  1  ;  Quenstedt,  Wiegm. 


ia  id.  Goldf.  pi.  7. 
gm.  Archiv,  1835, 
p.  91  ;  Geinitz,  G*-a  v.  Sachs.  1843. 

p.  98. 

mtei,  pt.  iii.;  Retepora  id.  Phillips, 
Geol.  Trans.  2nd  series,  iii.  p.  120.  pi. 
12.  f.  8;  Gorgonia  infundibuliformis  ' 
Goldf.  tab  10.  f.  1  a  (exc/wit  aliit). 
potteii,  pt.  iii.;  Gorgonia  id.  Goldf.  pl.36 

f.  2  o  {wliuii  aUu). 
potteii,  pt.iii.  Hornera?  id.  King,  MS. 
potted,  pt.  iii.  Escharites  id.  Schloth. 
Miin.  Ak.vi.  pi.  1.  f.  1,  2;  Eschars 
id.  Schloth.  Syst.  Vera.  Pet.  Samml 
p.  10;    Gorgonia  infundibulifurmis 
Goldf.  pi.  3<1.  f.  2.  4.  c;  Quenstedt 
Wicgm.  Archiv,  1835,  p.  89;  Geinitz. 
Gsea  v.  Sachsen,  p.  98. 
pottea,  pt.  iii.  Retepora  id.  Phillips,  Geo! 
Trans.  2nd  series,  iii.  p.  120.  pi.  12 
f.0,7. 


Mill. 

Schl.  Beitr.  pt.  ii.  pi.  2.  f.  8  ;  pi.  3.  f.  9- 
15 ;  GeiniU,  Gs-a  v.  Sachsen,  p.  98 
Cyath.  planus.  Miller,  p.  80. 


R.  ? 


K. 

E. 
E. 

K. 

R.E.? 

R. 
E. 
E. 


Humbleton 

(K.)«. 
Ibid  <K.). 


(G.) 


Introduced  on 
the  authority  of 


Urt-Vaga.KiriloflQtW). 

Utt-Vatfa,  Orenburg,  Hchegulorn, 
llK/wUci  (De  V.) ;  Grtbeni  (De 
V.),  Humbleton.  ? 


E. 


E.  ? 


E. 


R. 
E. 

R.E. 


V$t-  l  aga  (De  V.). 

Humbleton  (K.). 

GlUcksbrunn  (Sc.Gf.);  Konitz  (G. 
K.) ;  Poancck,  Kamsdorf.  Cor- 
busen,  Schwaara,  and  Dinz 
near Gera(G.) ;  Humbleton (K.) 


Dudley,  S.;  Eifel,  and  Devonshire 
D.(Gf.P-);  lrro/,C.  (Gf.)-.  Ster 
litamak,  C.  (De  V.) ;  Konitz, 
Kamsdorf,  8cc.  P.  (G.). 
GlUcksbrunn  (Sc.  Gf.)  ;  Konitz. 

(G.). 


Hurableton(S.K.);  Konitz (K.G.) 
GlUcksbrunn  (Gf.G.);  Posneck 
(G.). 

Urall  (Gf.). 

trnva  on  the  Darima  (DeV.). 
Humbleton  (K.). 
GlUcksbrunn  (Sc.Gf.G.);  Konitz. 

Posoeck  (G.) ;  Itichalki ;  Ore- 

A«i(DeV.) 


Humbleton  (S.  K.). 


Bristol,  Ireland,  C. ;  GlUcks- 
brunn, Kamsdorf,  Posneck,  < 
Mansfeld,  Humbleton,  P. 


Introduced  as 
Zechstein  spc^ 
cies  on  the 
'authority  of 
^chlothcim. 


A  species  of  an 
uti described  Ci- 
daris  has  been 
found  at  Humble 
Inn  by  Mr.  King, 


•  In  the  class  Polyparia  the  authority  for  the  locality  is  given,  as  specimens  from 
De  V.  signifies  De  Veroeuil,  G.  GeiniU,  " 


each  have  not,  in  all 
Gf.  Goldiuss/K.  King,  M.  Murchison,  S.  Sedgwick,  Sc. 


by  Mr. 


2o 
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CONCHIFERA. 
Braciiiopoda. 

Terebratula   

1  —  ekmgata   


-id.  var. 


—  sufflata   

—  concentric* 

—  Roissyi  


10 


....••.•■••«••■. 


Paleozoic  Stitxm* 


SH.    IXrv.  C-irD.  Pwin. 


Brug. 

Sehl.  (non  Sow.)  Pet.  pi  20.  f.2;  Nachtr 
20.  f.2  ;  id.  Miin.  Akad.  vol.  vi.  pi.  7, 
f.  7  ;  V.  Buch,  Ub.  Ter.  p.  10«  ;  Gei- 
nitx.Gsav.  Sachs,  p.97  i  RiimerVerst. 
des  Harz.  pi.  5.  f.  18, 19.  20  ;  T.  Qua- 
lenii  Fisch.;  Bull,  de  Moacou,  1842, 
p. 466;  id.  Kutorga.  1842,  Verb.M.G. 
St.Petersb.  p.26.  pl.fl.  f.2;  T.  hastata; 
Phill.  (non  Sow.)  Pal.  Foss.  pi.  35. 
f.  108 ;  Tab.  net.  IX.  f.  9  a,  t,  r,  d. 
T.  plica,  Kutorga,  1842,  Verh.  M.  G 
St.  Peterab.  p.  2«.  pi.  5.  f.  1 1. 


Schl.  Miin.  Ak.vi.  pi.  7.  f.  10,  1 1  ;  Mem 
Stic,  Geol.  Fr.  vol.  iii.  pi.  19.  f.  12  bit. 
V'.Buch,  Cb.Tereb.  and  Mem.  Soc.  Geo). 

Fr.  vol.  ii i .  p.  2 1 «.  Tab.  nost. V 1 1 1 .  f.  1 5. 
Bull.  Soc.Gcol.  Fr.  vol.  xi.pl. 3.  f.  1  fr.r.rf. 
Sp.  id.  l'Kveillr,  Mem.  Soc.  Geol.  Kr. 
vol.  ii.  pi.  2.  f.  18-20 ;  Dr  Kon.  Puna. 
Belg.  pi.  20.  f.  1.  pi.  21.  f.  1. 
Atrvpa,  Sow.  Min. Conch,  vol.vii.  pl.fl  16 
fab.  noat.  VIII.  f.  1«  a,  b. 

Tab.  noat.  X.  f.  5  a.  6  


—  paradoxa  i 

—  pygmiea  f . . 


Von  Buch.  Ter.  p.  49  s 

Gar 


f.  5  ;  GciniU,  On  von  Sacbseu,  p.  96 
nob.  Tab.  noat.  VIII.  f.  5  a,  4,  e,  d,  e . 


Spinier 


—  multiplicatus 


Schl. 


pi.  41. 


Tab.  noat.  VIII.  f.  4  a,  b,  e.d.e;  T.  la- 
cunosa,  Sclil.  Miin.  Ak.  vol.vi.  pi.  h. 
f.  15-20;  T.  Schlotheimii,  Von  Buch, 
Mem.  Soc.  Geul.  Kr.  vol.  iii.  pl.14.  f.  7; 
Gcinitz.Jahrb.  Min.  1841,  p.  040  ;  id 
Gxa  v.  Sachsen,  p.  90. 

Sow. 

Sow.  Min.  Conch.  302.  f.  1  ;  Ter.  alatus, 
Scbl.  Min. Taach.VII.  pi.  2.  f.  1,8,9. 
Petrcf.  p.  250 ;  Qurnst.  Wicgm.  Arch 
1B35,  p.79(  V.  Buch,  Ub.  Delth.  p.37 ; 
Gein.  Gie*  v.  Saclwen,  p.  9". 

Sow.  Geol.  Tr.  Indser.  t.  iii.  p.  119  

Schl.  Pet.  p.  249-  pi-  29.  f .  I  ;  De  Kon 
Foss.  Belg.  p.  236.  pi.  15.  f.  3  ;  Del- 
thyria  micropterua,  Guldf. 
Scbl.  Mud.  Ak.  1817,  t.  vi.  pi.  1.  f .  3 
8.  octoplicatua,  Sow.  Min.  Couch. 502. 
f.2,  3;  V.  Buch.  Ubcr  Delth.  p.  39- 
and  Mem.  Soc.  Geol.  Fr.  pi.  8.  f.  9  | 
Gein.  Gvav.  Sachsen,  p.  97  ;  Dr  Kon, 
Foea.  de  Belg.  p.  240.  pi.  15.  f.  5. 
Tab.  noat.  VI.  f.  14  o,  b  


E. 


E. 


R.E.|  

E. 


R.E. 


R.E. 

E. 
R. 

K. 


Grund,  Han;  Newton  Bushel! 
D. ;  Yorkah.  C. ;  Schmerbach, 
Glucksbrunn,  Corbuscn,  Pos- 
neck.  Hum  Me  ton.  Ilnkalki,  A't-j 
ktfur,  Sanlanyulwa,  1  vcratn 
from  the  Dioma,  TbMpa*.  Yt-\ 
mamt/uUtra.  mouth  of  the  Sak- 
mara  near  Ombourg,  Itrk* 
j  river  Suchtma,  P. 


k.C;  JaiWIo/.Hunv 
blcton,  Corbuaen,  P. 


Gliickubrunn,  Schmerbach,  llum- 
blcton. 

Eifrl,  Boulnnnais,  Lakt  //mm,  D.; 

TSktfwr,  P. 
Tcurtiay.C.;  A'tri/o/,  Arzatiuu,  P. 


T.  lata,  compla- 
nata,  intermedia, 

Schl.,  Miin.  Ak. 
vol.vi.  pl.7.  f.ia- 
14.  (according  to 
M.  Gcinitz.) 

Variety  with  a 
doraal  sinus ;  m. 
cording  to  M.  de 
Buch,  sometime! 
the  T.  elongate 
has  the  dorsal 
valve  sinuated. 
Closely  allied  to 
tile  preceding 
variety. 


R.E.  Kirilaf, 
bleton. 

R. 


Hum 


B. 


E. ) 

R. 

E. 


R.1E. 


E. 

R.f 


R.  E 


ibid. . 
Leimstein. 


Ilmenau  (GeiniU), 
(V. 


Kirilaf. 


f  This  specie*  is 
.  <  nearly  allied  to 
I  T.  TkHrmaaKi. 
....  These  three 
species  are  men- 
tioned in  M.  De- 
chrn's  transla- 
tion of  De  la 
Beche's  Geol. 
Manual,  but  not 


We  believe  that 
thiaJurassic  spe 
cies  haa  never 
been  found  in  the 


.  R. 


Sterlitamak,  Sanaa,  C.;  Hum-  Mr.  King  pro- 
bleton,  Schmerbach,  Ilmenau,  poses  for  this 
Konitz,  Gera,  P.     alui  jj,e  pWe. 

ding  shell  a  new 
»dcr  the 


Midderidge,  Humbleton,  Gera, 
R(ip*en,  Konitz,  Schmerbach, 
Bultbri}  (Fisch. 
1342,  p.  466.) 


Humbleton  

Kaysersteinel.S.;  Eifel,D.;Tour. 
nay,  C. ;  KiriUtf}  P. 

Derbyshire,  Vi-<-.  C. ;  Glucka- 
brunn,  Konitz,  Ilmenau,  Hum- 
bleton, Artamai,  Itttkalki,  P. 
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Spirifcr  Hlasii 
—  rugulatua* 


—  ind.  spec. 
Orthia   


—  Wangenheimi 


nob.  Tab.  Do»t.  VI.  f.  9  o,  A,  r,  4.   

Kutorga,  184  J.  Verb.  M.  G.  St.  Peters  b 

p.  22.  pi.  5.  f.  5. 
Tab.  noat.  VI.  f.  13  


1'AL.I.OZOIcSyS.TEIIH. 


au.     D*».  Gu*.  Pcre,. 


—  Cancrioi  .... 


Chonrtes 


Prodactus  , 


....  » 


lklm. 

Ter.  id.  Schl.  Miin.  Ak.  vi.  pi.  8.  f.  21- 
M  ;  O.  Laspii,  V.  Buch,  Mem.  Soc. 
Geol.  Fr.  iv.  p.  210. 

nob.  Tab.  noat.  XI.  f.  5  a,  b  

Geinitx,  N.Jahrb.  furMio.  1842,  p.  578. 
pi.  10.  f.  12.  13  j  Gun.  Gsa  v.  Sach- 
aen,  p.  97. 

Fiacher. 

Ter.  id.  Schl.  1820,  Petref.  p.  2515.  pi.  29;R. 
f.  3;  O.  atriatella,  Dalm.  |  id.  Ilia.  Leth.| 
Sure.  20.  f.  7 ;  Lept.  lain.  V.  Buch, 
Bcrl.  Akad.  1828,  pi.  3.  f.  1  ct  2;  Or- 
tbia  Hardrenaia,  Phill.  Pal.  Foe.  60. 

r.  104. 

Sow. 

Sow.  Min.  Conch,  pi.  319.  f ■  1  ;  P.  e*l- 
vua,  pi.  589-  f.  2-«  ;  Gryphitca  aculea- 
tua.  Schl.  Min.  Taachb.  vii.  pi.  4.  f.  1, 
2,3;  Pr.  id.  Quenstcdt,  Wirgm.  Arch. 
1835,  pi.  1.  f.  2;  Brono.  Leth.  pi.  3. 
f.  1,  2;  Gein.Jahrb  1841,  p.  640;  id. 
Gsta  v.  Sachson,  p.  97 ;  P.  lloppii.Kon. 
Icon.  Foa.  Sect.  pi.  9-  f.  108. 
nob.  Tab.  nost.  XVIII.  f.  1  a,  b,  e.  d;  P. 
calva,  Kutorga  (non  Sow.),  Verh.  M. 
G.  St.  Peterab.  p.  17.  pi.  5.  f.  1. 
nob. Tab.  noat.  XVIII.  f.  7.  et  XVI.  f.  8 
a,  &.  e;  De  Kon.  Foa.  Belg. p.  179.pl. 
9-  f.  3  ;  Fisch.  Bull.  Moacou,  1842, 
p.  466  \  P.  aptnoaus.  Kutorga  Joe.  ext. 
p.  18.  pi.  5.  f.  2.  (non  Sow.) 

■b.  Tab.  noat.  XVI.  f.  4  a.  »   

King  (MS.), 


E. 


R.E. 


—  apiniferuaf 


)•••••>• ••••■*»•••' 


Orbicula 

—  t 


A)!nri*ma 
cl( 


Strophalosia  spinifera.  King  (MS.)  . 


Brug. 

Sow.  Min.  Conch,  pi.  19.  f .  1.2;  Port, 
lock.  Rep.  Londond.p.444.  pi.  32.  f.7 


Schl.Dc 
tion.  p.  459 


.  nob.  Tab. 


XIX.  f.  4o,6. 


King  (MS.). 

King  (MS.)  

Dwhaycs. 

nob.  Tab.  mwt.  XIX.  f.  9. 


R.  JTtVtfo/. 

R.  \Sanlangntuva, 


H. 


H. 

B. 


Smtanynlwa. 


Grtbeni. 

Altenburg  near  Posneck. 


Ludlow,  Ema,  Daun  Priim,  Goth- 
laud,  i'okrvi,  S. ;  Berry,  Pome- 
roy,  Eifel  D. ;  Hardraw,  York- 
ahirr,Toumay;  I'Htgra.lheina, 
VotwU,  C. ;  neighbourhood  of 


Thia  ahell,  which 
we  have  not  acen 
ia  said  to  hare  o 
concave  ventral 
valve.  It  mav  be 


E. 


K. 

E.  R. 


EL 
E. 


R..»  E 


R.r 

R. 


Glucltsbrunn.Eiaenach,Kams<lorf,  The 
Ilmrnau,  Rdpscn,  Schl 
llumbleton,  Ihirtuun. 


Uit-f'aga,  Kiritof,  Kramoborik, 
Xikt/ur,  several  localities  in  the 
district  of  Birlrbri. 

Viae',  C.  ;  Artamuu,  Ittchalki, 
Kniaapavlova,  VutUtn  and  Sci- 
atk  near  Kasan,  KliuUiski, 
Kidotk,  Nikrfnr,  Ik 
Mrtaftamok.  Grtbtni,  P. 

BMagortkaia  nei 

Humblcton  


of  P. 
in| 

1813to 

waa  previous  lo- 
used in  1B09  by 
Martin  for  ano- 


Hombleton . 


Wolsingham,  Co.of  Durham,  Ty 
rone,  C. ;  Thickley,  " 
on  the  - 


P. 


PrwlucluM,  with 
a  smalt  area  aa  in 
P.  Aorrescew  anil 
.  jru6af«/eafu*. 

With  an  area  liki 
that  of  the  pro- 
ceding. 

The  Ruaaian 
specimen  ap- 
proaches to/,  .pa- 
ralMa.  Phill. 
A  very  doubtful 
body. 


Kniturpavlrna  near  Barnnkwa ; 
Gondok  on  the  Tehtumtrava  ; 
Karl;  diatrictof  BUUUL 


E.  Arzamat 


;  Humblcton. 
Strgink.  A-ite/ar. 


•  Beaides  these  seven  S|*cie»,  several  other  Spiriferi  are  quoted  in  the  Zechstcin,  but  without  any  details,  auch  aa  the  S. 
wick,  Geol.  Trans,  vol.  iii.  p.  119).  the  S,  muHimttalia,  Dcchen  (Gcinitz,  Ga»  von  Sachsen).    It'ia  also  very  doubtful  if  the  S.  trigmaiu 
been  reallv  found  in  the  Zechstein,  though  it  is  mentioned  in  the  German  translation  of  IV  la  Beetle's  Manual. 

f  The  P.  rugotui  (Schl.),  aMlujualu*  (Sow.),  spinontt  (Sow.),  and  leigirpiins  (id.),  are  quoted  in  the  German  edition  of  IV  la  Bcehe'a 
aat  found  in  the  Zechstein,  but  new  and  more  accurate  researches  have  proved  the  non-exiatence  of  these  species  in  this  deposit. 

2  o  2 


(Sedg- 
1U  has 
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Uoio  Brug. 

Fi*cher.  1840,  Bull,  de  la  Soc.  dm  Nat 
dc  Moecou.p.489;  Tab.r.ost.  XIX. f.  10 
Kutorga,  1842.  Verh.  M.  G.  St.  Petcreb. 
p.  27.  pi.  6.  f .  4  ;  Unio  acuta.  Sow. 
Fiach.  loe.  cit. 

Axinua   Sow.  parlim.  Schizodua,  King  (MS.) 


Genera  and  Specie*. 


Pal*oioicSv»t«iis. 


AUTHOKS  AND  REFERENCES. 


«U.  !  D»».  C*rb.  Pan. 


—  parallelus.... 


•  ••••  •"• 


.  Sow.Min.Con.  pi.  314. 

King  (MS.)      ...... ..... 


King  (MS.)  

Cucullira  id.  GeiniU.  N.  Jahrb.  1841 
p.  638.  pi.  11.  f.  6  ;  Tellinites  dubius. 
Schl.  Muii.  Ak.  vi.  pi.  6.  f.4.  5;  Gara 


pusillus 





Nucula  

—  Kazan  trisis 

—  Vinti  


p.  9*1. 

Tab.  no»t.  XIX.  f.  7  a,  A. 


.  Manch.  Trans,  vol.  i.  pi.  8.  f.  49 


Area 


—  Kingiana 
MytUo 


id.  ibid.  p.  r.5.  pi.  6.  f.  30. 

id.  ibid.  pi.  6.  f.  31  

id.  ibid.  pi.  6.  f.  3S  

(Lucina  minima)  id.  ibid.  pi.  6.  f.  33  

Lam. 

nob.  Tab.  nost.  XIX.  f.  14  

King  (MS.)  Astarte,  Sedgw.  Trans.  Geol 

Soc.  2nd  series,  vol.  iii.  p.  119. 
Linn. 

Sow.  M.C.  pi. 474.  f.  3  

(Munat.)  Goldf.  pi.  122.  f.8;  Hit  stri- 

atus,  Schl.  Mud.  Ak.  vol.  vi.  pi.  6.  f.  3. 

.b.  pi.  XIX.  f.  II  

Linn. 

Mod.  id. Sow. Geol. Tr. 2nd  ser.  iii.  p. !  19; 

Myt.  Hausruaiiui,  Goldf.  pi.  138.  i.  4. 
King  (MS.).... 


MONOMTABIA. 

Aries  la  • 


............ 


i. »•*••*••••». .......... 


.  Tab.  nort.  XIX.  f.  10,  a—k. 


(Arcacostata)  Brown,  Manch. Tr.  vol.  i. 

pi.  ri.  f.  34 ,35 ;  Ilcurophorus  costati 

King  (MS.). 

Icurophoru.  modioliformia,  King  (MS.) 
Linn. 

Laspe,  Miinst.  1839.  Beitr.  heft  1.  p.  45. 
pl.4.  f.4  ;  Gein.GseavooSttchaen,  p.9«. 


Quenst,  Wiegm.  Arch.  1835.  pi.  I.  f .  1 ; 
Gcin.N  .Jahrb.  1841,  p.«39  ;  Gryphitc* 
id.  Schl.  s  A.  grypharaides,  Suw.  Geol. 
Tr.  2nd  wni*.  p.l  19;  Omal.  d'H.Prec. 
Elcm.  de  G.  1843. 
Quenst.  Wieg.  Arch.  1835,  p.  86;  Mv- 
til.  kcratoph.  Schl.  Mun.  Ak.  vi.  pi.  5. 
f.2;  Goldf.  pi.  11«.  f .6;  Gein.  N. 
Jahrb.  1841,  p.  639  ;  aff.  to  A.  lunu 
lata,  Dc  Kon.  G«a  von  Sachs,  p.  96- 
Mtinst.  Goldf.  110.  f.  7;  non  Avic.  id. 
Goldf.  160.  f.9- 


E. 

E. 

B. 
E. 


E. 

E. 
E. 
R.?E. 
E. 

R. 
E. 


E. 
E. 

R. 

E. 

E. 


Karla,  district  ofiJiWetei. 
Do.  do. 


Garforth  near  : 
Coast  between  Shield*  and  Sun- 
derland. 


Gera. 


Specimens  given 
by  M.  Geinitz 
have  convinced 
us  that  his  CW- 
lltthalki,  Kliutiitki  on  the  \'o\p^culUea  Seitet- 
30  versts  below  Koran,  ClerrliwAami  had  such  a 


Ot»crrili<mi. 


Magnesias  lime- 
stone differs  ea 
sentially  from  the 
Arinu*  angulatut 
of  the  London 
clay,  Mr.  King 
proposes  the 


on  the  Tefifremham. 


ibid.,  allied  to  E. 
ibid. 


ibid. 
Sriatlc. 

Whitley,  Durham. 


 I 


R.  E 

E. 
E. 

R.?E. 


ilental  apparatus 
as  is  seen  in  the 
Arinut  Hattiau, 


Identical  with  Ok 
t  'uculicta  sulcata, 
Geol.Tr.  2nd  ser 
vol.  iii.  p.  119. 


Humbleton,  Durham,  lower  beds 
at  Gera,  Schwarzfeld. 


Arzamai,  lltthalki,  Barmkoea 
f  >«>.»,  Kliutiitki,  Srrairtk, 
TchutopalJtchtgulma.Niktfur, 
Greftewi,  'I'chrlpan,  TcKagt 
on  the  Dttina. 
//»cAa(h;Humbleton.Newtowii  f 
•,  Yorkshire,  I 


Mr.  King  pro- 
poses the  new 
genua  Plfxtrnpho- 
rut  for  these  I 


Glucksbrunn,  Mer; 
Gera,  Nrustadt. 


Poaneck,  Accord 


R.E.  Gliicksbrnnn,  Kbnirz, 

Kamadorf,  Humbleton,  t'»f/o«, 
Kargala. 


R.E.  Mala  YarotlarrU,  Mary't 

C.;  Gliicksbrunn,  Humbleton; 
Tioplora,  Kliutzitki,  Pi**9a. 
fltirnNkara. 


ingtoMr. 
King,  these  two 
lis  have  rw 
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Gb.neba  and  Srzcias. 


AvTHoua  and  References. 


4  Avicula  Kazanensia  nob.,  patlrh,  pt.  iii. 

5  —  sericea  nub.,  jxw/rd,  pi.  iii 

0  —  in  (lata   brown,  Maocb.  Trans,  vol.  i.  p.  6j.  pi.  6. 

f.  25.  2ft. 

7  —  Binncyi   id.  ibid.  pi.  6.  f.  27 

8  —  disco  rs  id.  ibid.  pi.  6.  f.  2*. 

Gcrvillia  Defr 

1  —  rtumida   .King  (MS.) 

2  —  ind.  spec  Gein. N.  Jahrb.  1841,  p.C39-  pill.  f-2. 

Pcctcn  .... 

1  —  pusillus 


Linn. 

Plcuroncctes  pusillus,  Schl.  Miin.  Alt 
vi.  pi.  ft.  f.  ft. ;  Lima  pusilla.  Querist 
Wicg.  Arch.  1835,  p.  81. 

—  Kokaharofi   nob.,  notour,  pt.  iii  

—  indet.  aperies   Sow.  Grol.  Trans.  2nd  acrici,  iii.  p.  1 20. 

Spnndylus  Lam. 

—  Goldfusaii  Miliut.  I  sig,  Beitr.  heft  2.  p.  44.  pi.  4 

|    (.3;  Gein.  Gca  von  Sachecn,  p.  9'*'. 

Ostrra   Linn. 

—  matcrcula  nob..  pasOi,  pt.  iii  

—  ?  pusilla  King  (MS.)  


Pa  l.cozoil  Systems 


an.     Dot.  Cria.  Trrm. 


MOLLUSC.*.. 

GaSTIBOFODA. 

Melania  Lam. 

—  several  ind. spec  PklQ.  (MS.)  Gcol. Tr.  V  a.  vol. iii.  lib.  ... 

Natica   Adanson. 

—  minima  'Brown,  Manchester  Trans,  vol.  i.  pi.  6. ... 

I    r.  32,  23,  24. 

—  ind.  spec,  Allied  to  the  preceding  

lEuoinphalus  Sow. 

1  —  planurbitea   Miinat.  (Collect.  ofDr.  Schmidt  at  Jena) ; ... 

Gein.  Gaea  v.  Sachsen,  p.  94. 
Plrurotomaria   I  K  ir. 

—  carina ta   Phill.  G.  Yorlu.  ii.  pi.  15.  f.  1. ;  Hrlij  ... 

hi.  Sow.  Min.  Conch,  pi.  10. 

nob.,  poilea,  pt.  iii  


—  penca 

—  nodulosa 


King  (MS.). 


Trochus  Linn. 

1  —  antrinua   Schl.  Miin.  Alt.  pi.  7.  (.  6.  (Trochilitcs). 

2  —  hclicina  Trochil.hclic.Schl.;  Quenat.VViepm.Arch 

18.15  ;  Turbo  hel.  Gein.  Jahrb.  1841,  p 
6J8.  Troch.  id.  Gein.  Gca  v.  Sach.05 

Turbo   'Linn. 

—  Mancuuiensia   Brown,  Mnnrh.  Tr.  vol.  i.  pl.C.  f.1,2, 3. 

2  I —  minatus   Brown,  ibid.  pi.  ft.  f.  4,  5  

3  —  ind.  spec  Gein.  Gas  v.  Sachsen,  p.  95  

Macmcheilus   Phill. 

1  —  syrnmctricua   King  (MS.)   , 

Uilnnema  Phill. 

—  rogifcra  Phill.  Pal.  Foss.  pi.  38.  f.  188  i  Melania, 

'    id.  Ph.  Geol.  York*.,  ii.  pi.  in.  f.  26. 

—  J  L'rei  Turritclla  Urel,  Firm.  Brit.  Anim.  p.  305, 

I' re  Ruth,  pi  14.  f.  7. 

Turritclla   ^uun. 

1  —  biarmica   Kutorga,  Vcrli.  M.  G.  St.  Petcrsb.  1842, 

p.  28.  pi.  ft.  f.  3. 
D'Arch  etDeV.,Bul.S.G.ilcFr.»ii.p.l54. 
nob.,  pottea,  pt.  ni  


Murchisonia  

—  subanyulata  

Rissoa   Freminville. 


pusilla 


—  Lcighii   

—  minutiasimn.. 

—  Gibsoni  


5  —  obtuaa 


p.  63. 


Brown,  Manchester  Trans,  vol 
pi.  0.  f.fi,  7,8. 

Bniwti.Man.Tr.vol.i.p.GS.pl.fl.f.g,  10,11  

id.  ib.  pl.fi.  t.  12,  13.  14.... 
id.  ib.  pi.  ft.  f.  15,  16,  17.  ... 
id,  ill.  pi.  ft.  f.  19,  20,  21.  ... 


I\ 


li. 

E. 

E. 

E. 
E. 


ii. 

E. 


E. 
E. 
R. 

E. 

R. 
R. 
E. 


LaealiOn 


Ol  U -r\ ah,  :  ■ 


R.    Villon  near  Kazan.  Sergietk  'Allied  to  A.  tpr- 

R-    ' '« fjon  near  Kazan,  Arzamat,  lunrnna. 


Newtown  near  Manchester. 

ibid  

ibid  

Humhleton. 

Altenburg,  Sommcritz.  etc. 
Gliicksbrunn,  Hambleton. 


Shulrota. 
Hunibleton. 

Kopsen  near  Gera  ;  Corbuacn. 


Iltehalti  'When  we  dis- 

Coast  between  Shields  and  Sun- covered  it,  this 


dcrland. 

Hawthorn  hive,  Durham. 
Newtown.  Humhleton. 
lUcnalki,  llcKeyulova. 
Kamsdorf. 


Ottr*a  was  the 
most  ancii-ut  en- 
ample  known  of 
the  genua ;  but 
whilst  we  write, 
M.  de  Knninck 
has  discovered 
another  species 
in  the  Carboni- 
ferous limestone 
of  Belgium. 


Settle,  Yorkshire  ;  Castlelst.,  Ire- 
Land.  ('.;  Humblcton.l'.tKing) 

Arzaaai,  Klintzuki,  Mrttftamnk 
on  the  Diama. 

Humbletun. 


E.  Gliickahrunn.  ... 
E.    ibid.,  Altenburg 


K 

E. 

E. 


Ef 
E..> 

R. 

R. 

E. 

E. 
E. 
E. 
E. 


This  shell  seems 
to  be  a  Plean- 
ttmuria. 


Newtown,  Hunibleton. 
Newtown. 

Saara,  Zehma,  Sommeritz  near 

Altroburg. 
Hunibleton. 

Brushfnrd,  I).;  Otterhurn,  /'aWni, 
C.|  Hunibleton?  (King.MS.).  P. 

Lanarks  C  ;  Hunibleton  ?  (King 
MS.),  P. 

District  of  fliWeirt.  Ittchatki. 


lltrhalki,    Atlanta*.  KUnttitki 

TMurojwi,  jVfir/»r. 
Newtown  near  Manchester. 

Newtown  near  Manchester. 

ibid. 

ibid. 

ibid.  Silksworth,  Co.  of  Durham 


Small  and  coni- 
cal. 
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Geneba  and  Species. 


AOTHOBS  USD  Rtl  tlirVrK. 


Cephalopoda. 
Nautilus   


ind.  spec  

3  Ammonite?  (fragment). 
ANNELIDA. 


i  Linn. 

ft: 


N.  Jahrb.  1841,  p.  637.  pl.ll.f.l; 


G*«  v, 


nob 


p.  95. 


oerpuia 


i 

2  - 


CRUSTACEA. 

Limulus  

1  — < 


Sow.  Geol.  Tr.  2nd  ser.  iii.  p.  118  


Cvthcrina 
1  —  ind.  sp 


PISCES. 

PLACOIDES. 

Janasaa  

—  angulata   


1841,  p.  638  ;  id.  Gea 
2nd  Ser.  vol.iii.  p.  118 


N. 

v.  Sachs,  p.  95. 
Sow.  QtoL  Trans. 

Mull. 

Kutorga,  Beitr.  t.  Kenntn.  des  Kupfers. 
clcr  Ural.  1838.  p.  22.  pi.  4.  f.  I,  2,  3. 


—  bitominosa 

dictea   

Oictea 


1  —  Mri 


•*■•■*<*•>**•>••< 


•U.    Drr.  C»ri>.  fnm. 


............... 


1  —  lati-pinnarus  .. 


1  —  macrocephalus.. 

Strophodus   

—  arcuatus   


Acrodus  

I  —  Allhausi 


I  -  ob 

Gamoides. 

Palsoniscus   

1—1 


Miin»t. 

.Munst.  Beitr.  heft  1. 1839.  p.  40  &  1 14.pl 

4.  f.  1,2  i  id.  hcft3.  pi.  3.  f.  5  ;  Kuitze. 
Comm.  p.  20 ;  Giea  v.  Sachsen,  p.  95. 

Munst.  heft  1.  p.  1 1C;  Schl.  Nachtr.2nd 
part,  ul.  23.  f.  g  ,  Gva  v.  Sachsen. 

Munst.  heft  1.  1842,heft5.  p.  39.  pi.  15. 
f.  10-16. 

Munst. 

Munst.  Beitr.  heft  3.  p.  124.  pi.  3.  f.  1. 
f.  1  *  2.  pi.  8.  f.  3—10 ;  id.  1842.  heft 

5.  p.  51  i  Acrodus  larva,  Agas.  vol.  3 
pi.  22.  f.  23-25  

Munst. 

Miinst.  Beitr.  heft  «.  p. 48.  pi.  1 . f.  1  a— J 
Munst. 

.  Miinst.  Beitr.  heft  6.  p.  JO.  pi.  1.  f.  2  ... 
Miinst. 

Miinst.  Beitr.  heft  6.  p.  52.  pi.  14.  f.  1. 
Agaw. 

Miinst.  Beitr.  heft  3. 1840,  p.  123.  p|.  3 
f.7.  pi.  8.  f.  11.  heft  a.  p.SO.pl.l.f.  3 

Mun't.  Beitr.  heft  3.  pi.  8.  f.  5.  pi.  3  ct . 

4.  f.  0. 
Ag- 

Ag.  3.  p.  177 


—  macropomus. . 

—  magnus  


4  —  comtus . 


Aga*s. 

Ag.  Poiss.  Foss.v.2.p.«8.  pi.  1 1st  12  ;Gcrm. 
Verst.d.  Mansf.  p.  12.  f.9-14  ;  Kurti*. 
ComroenUtio,1839.p.l2;  Knorr.1755, 
pi.  17-19;  SjmoH.  Ichthyolithus  Eisle- 
beoensis,  PaUeothrissum  tequilobum, 
iluot;  Palicot.  blennioides,  Hull. ;  Aci- 
nenser  bituminosus.  Germ. ;  Palieon. 
Freicslebcni,  Blainv.;  Palieot.  maci 
cephal.,  Blainr. ;  Clupea  Lainetherii, 
Blainv. 

Ag.  Poiss.  Foss.  t.  2.  p.  81.  pi.  9,  f.  0,  7.'.... 
Ag.  v.  2.  p.  78.  pi.  13  and  14.  Germ.  .... 
Yerst.  p.18;  KurUe,  Comm.  p.13. 

t.2. p.97.  pi.  104.  f.  1-3 ;  Paleot.  mag  

lum,  P.  macrocephalum  Blainr.  Geol. 
Tr.  2nd  ser.  iii.  pi.  8.  f.  1,  2.  pi.  9.  f.  2. 


E. 
R. 
R. ? 

E. 
E. 

R. 
R. 


Cera, 


on  the 


■•■•■•■•••■•■•■•■•■•■•••■•••••••••I 


rhapa  a  frag- 
ment of  Cyrtho 
v  ceras. 

 (This  fragmentbe- 

longs  to  a  .Vau- 
lilia  (King.) 


E. 

K. 


Corbusen,  Altenburg. 

Humbleton ;  coast  between  Shields 
and  Sunderland. 


of  Prrm. 


flapolmia  near  the  river  Sfha 
^iiasA  near  Bxflma  ;  VU* 


Glucksbrunn,  Eisleben,  Ricchels 
dorf. 

Schmerbach,  Riechelsdorf.   

Riechelsdorf. 


!  Yerst. 
..Ag.v.2.p 

(TV. 


E. 
E. 
E. 
E. 

E. 

E. 


Trilobil  f  M/ani- 
nam  (Schl  )var 
of  the  J.  aitgu- 
lata  (Geinitz). 


Is  not  the  Die- 
Ira  Humboldti 
(Miinst.)  an  ad- 
ditional species? 


Near 


Riechelsdorf. 
Riechelsdorf. 


E.  Ardwick,  C; 


According  to  M 
Germor  his  P. 
mrgarrpkalut  ? 
may  be  a  variety 
of  this  species 
with  a  targe  de- 
pressed head. 


E.  Illmenau. 
E.  iMansfcld. 

E.Thickley;  Ferry  Hill,  Co.  of 
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GlXR»A  AND 


AtrTHOMS  AND 


['»l-.»OJnH?r>TtM8 


■I.    D»».  < 


Palaoniscus  rlcKans . 


Ag.  2.  p.  95.  pi.  10  b.  f.  4, 5  ;  l'atir*  t .  id. 
Sedgw.Geol.Tr.  2nd  aer.  iii.  pi.  9.  f.  1. 

—  glaphyrua  lAg.  2.  p.  98.  pi.  10  e.  f.  I,  2  

7  —  loogissimus   Ag.  Poiss.Foaa.  2.  p.  100.  pi.  10  r.  f.  4. 

—  microphthalmos  As.  2.  p.  90.  pi.  ioc  f.  3 

—  Tchef  kini*   Fiach.  Bull.  Nat.  de  Moa 


Tetragonolcpis 
Murchiaoni 
Ptatysomus  ... 
gibboaua  ... 


—  intermedins . 

—  Althausi  .... 

—  Fuldai   

Dorypterus  .... 


Acrotepia   

—  Dunkeri 


1 


.  Ag.  Poiaa.  Foss.  and  Proc.  Geol.  Soc 

viil.  ii.  p.  206. 
.  Fisch. 

.  Fitch.  Bull,  de  Moacou,  1642,  p.  463  ... 


.....a...... 


Ag.  2.  p.  104.  pi.  15;  Germ.  Vcrst.  d.  M. 
p.25 ;  Kurtze.Corom.  p. 22;  Strumateu> 
gibbosus,  Blainv. ;  Strum,  angulat.. 
Germ.;  Rhombus  diluvial...  Wolfarth 
Ag.  2.  p.  107.  pl.lfl  ;  Germ.  1. 1.  p.  20 ; 
Kurtzc,  p. 24  ;  Knorr,  p.  1.  pi.  20.  f.l ; 
Stromateua  major,  Blainv. ;  Strum. 
Knorri  Germ. ;  Rhombus  diluv.,  Wol- 
farth. 

Ag.  2.  p.  170.  pi.  18.  K  1.2;  Geol.Tr 

2nd  acr.  iii.  pi.  12.  f.  I,  2. 
Ag.  2.  p.  170.  pi.  18.  f.  3 ;  Geol.  Tr.  1st 

aer.  iv.  pi.  2. 
Ag.2.  p.  168.  pi.  17.  f.  1-4  ;  Geol.  Tr, 
2od  aer.  iii.  pi.  12.  f .  3,  4  ;  Uropteryx 
atriatus  (Walrhoer.). 

iinat.  Beitr.  heft  5.  1842,  p.  45  

Munat.  ibid.  p.  44.  pi.  5.  f.  2  

M iioat.  ib.  p.  45.  pi.  6.  f.  1  

...  Miinat. 

Germ.  Miinat.  Beitr.  1842,  heft  5.  p.  34 

pi.  14.  f.  4. 
Ag- 

PaJseon.  Dunkeri,  Germ.  Verst.  d.  Mint 


p.  19.  f.  1-5 ;  KurUe,  Comm.  pi.  1  ; 
Miinst.  Beitr.  heft  5.  p.  40 ;  Acr. 
aaper,  Ag.  Jahrb.  1841,  p. 014;  id.  Gsra 
v.  Sachaen,  p.  94. 

—  eiculptua  Gein.  Gsea  v.  Sachwn,  p.  94  ;  Pal.  ex- 

colptua.  Germ.  Ioc.  eit.  p.  21.  f.  0-8  ; 
Kurtzc.  ib.  p.  19.  pi.  2  ;  Munat.  Beitr. 
heft  5.  p.  42.  pi.  fi.  f.  2. 

Sedgwicki  Ag.2.  p.  1 1,  pi.  52  ;  Geol.  Tr.  2nd  aer.  iii. 

pi.  3.  f.  3. 

—  Augustus   Miinat.  Beitr.  heft  5.  p.  40  

—  gigantcus  Miinat.  Beitr.  heft  5.  p.  4 1  

—  intcrmediua  Miinat.  Beitr.  beft  5.  p.  41  

Pygoptenu   Ag. 

.  Ag.  2.  p.  10.  pi.  54,  55  ;  Germ.  Vcrst.  d, 
M.  p.  22  ;  Kurtzc,  Comm.  p.  25  ;  Eaoi 
Eialebenaia.  Kriiger ;  Munat.  Beitr. 
heft  5.  -,  p. 48.  pi.  5.  f.  I. 

—  mandibularia   Ag.  2.  p.10.  pL53  and  53  a. ;  Geol.Trana. 

2nd  aer.  iii.  pi.  10,  II;  Nemopteryx 
mandibulars  and  Sauropsis  Scoticua 
(Walchn.) 


CoJacanthux... 
—  graDulatua 


Beitr.  heft5.  1842.  p.  47.  pi.  15, 
f.T. 
Ag. 

Ag.  2.  pi.  02  , 

Miinst.  Beitr.  heft  5, 


oscou,  1842,  pi.  4. 
—  lenidurua  \\g.  2.  p.  64.  pi.  10.  f.  3,  7,  8,  9  

I 

1 1  —  Vratislaviensis  ]Ag.  t.  ii.  p.  60.  pi.  10.  f.  I,  2,  4,  5,  6  ....[  |„. 

12  —  catopterui   


49. 


»■•«*•  • 


B>  Thickley  ;  Midderidge,  Co.  of 
Durham. 
E.   E.  ThicUey ;  Ferry  Hill. 
E.    Ferry  Hill. 
E.    E.  Thickley. 

R.   Diatrict  of  Bieie&ei,   Strppe  r>f 
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We  much  regret  that  this  table  has  been  drawn  up  without  the  benefit  of  the  long-promised  assistance  of  Professor  Agassii.  His  observa- 
tions on  a  few  of  the  Permian  ichthyolitea  of  Russia  which  we  submitted  to  him,  may  increase  the  number  in  that  class  of  fossils. 
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JURASSIC  OR  OOLITIC  SYSTEM. 

CHAPTER  XI. 

Jurassic  System  of  Russia. — Range  and  uniformity  of  Composition  of  the  lower  Divi- 
sion, from  the  Northern  Sea  to  the  Lower  Volga. —  Basins  of  the  Middle  Volga, 
the  Oka,  and  the  Moskwa. — Iron  Sands  and  Grits  with  Plants  in  Russia  and 
Poland  compared  with  their  equivalents  in  England.— Large  Basin  of  the  Lower 
Volga,  Simbirsk,  Sarcttof,  Sfc— Jurassic  Rocks  of  Orenburg,  and  their  peculiar 
mineral  aspect. — Upper  Division  of  the  Group  on  the  river  Donets  in  Southern 
Russia,  and  at  Cracow  in  Poland. — The  whole  of  the  Jurassic  Rocks  of  Russia 
on  the  parallel  of  the  Oxford  Clay,  Calcareous  Grit  and  Coral  Rag  of  England, 
or  "  Terrain  Oxfordien  "  of  France.— Suppression  of  the  Trias,  Lias,  and  Lower 
Oolite  in  Russia.— Occurrence  of  the  Oxford  Formation  in  Asia  and  Africa.— 
Conclusion. 

Throughout  the  Palaeozoic  series  of  which  we  have  just  taken  leave,  there 
exists,  as  has  been  shown,  a  vast  succession  of  deposits,  which,  covering  an  enor- 
mous superficies,  are  linked  on  to  each  other  by  regular  transitions  and  organic 
contents.  Far  different  is  the  system  which  next  presents  itself  upon  the  surface 
of  Russia.  Occurring  at  remote  intervals  only,  the  strata  immediately  overlying 
the  red  formation  last  described,  contain  a  class  of  organic  remains  entirely  distinct 
from  any  hitherto  named,  and  occupy  isolated  basins,  patches,  or  stripes,  the 
beds  of  which  have  no  natural  connection  with  the  deposits  beneath  them.  As 
the  rocks  of  these  countries  are  less  disturbed  than  those  of  any  portion  of  the 
globe  which  geologists  have  examined,  and  as  the  Palaeozoic  series  is  complete, 
we  were  at  first  naturally  induced  to  look  also  for  a  full  succession  of  secondary 
deposits,  similar  to  that  with  which  we  were  acquainted  in  other  countries.  In 
vain,  however,  we  sought  for  fine  escarpments,  like  those  of  our  oolites  in  En- 
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gland  and  the  north  of  France,  with  valleys  of  clay  and  lias.  In  their  place  we 
found  low  masses  only  of  slightly  coherent  shale,  with  sands  and  concretions ; 
which  being  superposed  to  the  Palaeozoic  rocks,  and  containing  Ammonites  and 
Belemuites,  clearly  belonged  to  some  member  of  the  great  secondary  division  of 
deposits. 

In  our  first  exploration  of  the  Volga  below  Kostroma,  where  such  Ammonite 
beds  occur,  we  were  indeed  disposed  to  refer  some  of  them  to  the  Lias,  because 
wc  were  then  led  to  think  (as  previously  stated,  p.  179),  that  the  red  deposits  in 
that  neighbourhood  might  represent  the  Keuper  of  Germany  and  France.  More 
extended  researches,  however,  induced  us  to  adopt  other  views  j  for  whilst  we 
could  obtain  no  sort  of  proof  that  any  of  the  red  deposits  in  question  belonged  to 
the  Trias,  so  we  found  distinct  evidence,  that  the  overlying  strata  of  which  wc  are 
now  treating,  though  resembling  the  Lias  in  mineral  character,  were,  in  fact,  by  their 
organic  remains,  the  representatives  of  the  Oxfordian  or  middle  oolite. 

All  these  detached  masses  of  Jurassic  (Oxfordian)  strata  have  a  surprising  uni- 
formity of  character,  whether  found  near  Moscow,  on  the  Oka,  on  the  Lower  Volga, 
or  in  the  remote  district  of  Ust  Sisolsk,  in  the  government  of  Vologda.  To  these 
districts,  examined  by  ourselves  in  the  years  1840  and  1841,  we  may  add  three  still 
more  distant  and  northern  tracts,  where  strata  of  the  same  character,  and  containing 
the  same  fossils,  have  been  discovered  through  the  enterprize  of  Major  Strajevski, 
an  officer  of  the  Imperial  School  of  Mines,  by  M.  Ruprecht,  the  botanist,  and  since 
we  left  the  country,  by  Count  Keyserling,  our  own  associate.  The  first  of  these  is  on 
the  east  flank  of  the  North  Ural,  in  N.  lat.  64°,  and  on  the  banks  of  the  little  rivers 
Tchol  and  Tolya ;  the  latter  in  N.  lat.  G8°,  on  the  shores  of  the  White  Sea,  cast  of 
Mezene  (see  Map).  The  third  is  in  the  depression  by  which  the  great  river  Petchora 
passes  to  the  Icy  Sea,  and  has  been  made  known  to  us  whilst  we  write  by  Count 
Keyserling,  who  in  the  past  summer  (1843)  led  an  expedition  into  those  wilds,  in- 
habited only  by  Samoycdes,  and  which  were  previously  an  entire  blank,  even  upon  all 
Russian  maps.  We  shall  hereafter,  as  well  as  in  our  Introduction,  point  out  the 
agreement  of  the  general  succession  in  this  northern  region  with  the  strata  in  other 
parts  of  Russia.  Of  the  Jurassic  deposit  which  now  concerns  us,  Count  Keyserling 
thus  speaks  :— "  It  is  a  widely  spread  and  low  formation  in  the  north,  which  forms 
the  '  tundra  '  or  mosses,  and  occurring  in  all  the  depressions  of  the  more  ancient 
rocks,  occupies  extensive,  marshy,  wooded  tracts.  It  is,  for  the  most  part,  com- 
posed of  grey  or  black  clay,  with  calcareo-arenaceous  concretions,  disposed  along 


JURASSIC  BASIN  OF  THE  MIDDLE  VOLGA. 


231 


the  lines  of  bedding,  and  is  rich  in  Ammonites  and  Belemnites.  Towards  the 
base  of  the  formation  only,  are  found  some  continuous  beds  of  an  impure  are- 
naceous limestone.  As  far  as  I  can  determine  the  fossils,  they  seem  to  me  all  to 
belong  to  the  middle  Jura  {Terrain  Oxfordien).  The  Belemnites  excentricus,  and  the 
forms  which  approach  that  species,  such  as  B.  Puzotianus,  B.  Beaumontianus,  are 
the  most  frequent  remains.  On  the  river  Cisola  I  also  found  the  rib  of  a 
Saurian '." 

To  demonstrate,  however,  the  truth  of  our  statement,  that  the  Palaeozoic  depo- 
sits are  at  once  succeeded  by  strata  of  the  age  of  the  Oxford  formation,  we  now 
pass  to  the  detailed  description  of  these  Jurassic  masses,  in  the  chief  tracts  where 
we  examined  them  during  the  years  1840  and  1841. 

Jurassic  Basin  of  the  Middle  Volga. — We  will  first  describe  the  strata  of  this  age 
which  occur  midway  upon  the  course  of  the  Volga,  because  being  there,  as  we 
believe,  incumbent  on  rocks  of  less  antiquity  than  in  the  other  part  of  Central 
Russia,  in  which  wc  could  detect  a  junction,  an  ascending  series  might  be  best 
looked  for,  which,  if  any  such  passage  existed,  would  show  the  connection  between 
the  Palaeozoic  and  secondary  formations.  To  the  east  of  Kostroma  the  Volga 
winds,  as  already  described  (p.  178),  through  masses  of  red  sandstone  and  marl, 
which  we  are  unable  to  separate  from  the  Permian  system.  In  the  greater  part 
of  this  tract,  the  substrata  are  obscured  by  a  thick  cover  of  detritus,  which 
is  chiefly  composed  of  the  regenerated  materials  of  the  adjacent  red  rocks.  But  at 
about  eight  versts  north-west  of  the  village  of  Crasnoe  Pojeni,  deep  red  and  finely 
laminated  beds  with  geodes  of  harder  marlstone,  to  which  allusion  has  been 
already  made,  are  seen  to  rise  upon  the  right  bank  of  the  Volga  to  the  height  of 
thirty  feet  above  the  stream.  These  beds  are  surmounted,  and  as  it  then  appeared 
to  us,  in  perfect  conformity,  by  dark-coloured  (greenish  black)  clay,  in  which 
occur  small  crystals  of  sclcnitc  and  concretions  of  indigo-blue,  argillaceous  lime- 
stone. In  the  clay  or  shale,  which  is  in  absolute  contact  with  the  red  rocks,  we 
observed  but  few  organic  remains,  though  a  large  Belemnite  was  abundant.  In 
other  beds,  however,  which  occur  at  intervals  along  the  banks  of  the  river,  we 
found  the  Ammonites  cordatus  (Sow.),  Turbo  muricatus  (Sow.),  with  several  species  of 
Belemnites,  including  the  B.  absolutus  (Fischer),  which  If.  D'Orbigny  has  iden- 
tified with  a  species  found  in  Oxford  clay  at  the  Vaches  Noires  in  Normandy «. 

1  Letter  of  Count  Kcyscrling  to  Mr.  Murchwon,  Cth  Norember  1843.    (See  Map.) 

•  The  new  specie*  of  Belemnites  will  be  described  by  M.  D'Orbigny  in  the  Third  Part  of  thi.  work. 
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Seeing  (in  1840)  the  conformable  junction  of  these  dark-coloured  strata  with  the 
inferior  red  beds  at  Pies,  and  thinking,  when  on  the  spot,  that  one  of  the  Gryphse 
was  not  the  O.  ditatata,  but  rather  the  O.  MacCullochii  of  the  Lias,  we  were  then 
disposed  to  believe,  that  these  strata  might  represent  both  the  Keuper  and  Lias. 
We  mention  this  fact  to  show  how  extremely  difficult  it  is  to  decide  from  an  iso- 
lated case  and  one  or  two  fossils,  upon  what  may  be  termed  conformity  of  suc- 
cession, particularly  in  a  country  where  the  strata  are  apparently  horizontal,  and 
are  to  a  great  extent  unsolidified.  In  all  those  tracts,  indeed,  where  the  oscilla- 
tions of  the  land  have  been  of  such  a  nature  as  to  leave  the  strata  in  positions 
more  or  less  horizontal,  it  is  evident,  that  the  observer  cannot  expect  to  detect 
much  appearance  of  unconformity  in  the  planes  or  surfaces  of  any  strata  which 
happen  to  be  in  collocation,  even  though  they  have  been  deposited  at  very  different 
epochs.  When  such  junctions,  however,  occur,  he  may  reasonably  look  for  the 
effects  of  abrasion  on  the  lower  of  the  two  sets  of  dissociated  strata,  whether 
by  the  action  of  former  waters,  or  by  other  denudations  to  which  the  earlier  beds 
were  subjected  before  the  succeeding  strata  were  accumulated.  We  did  not,  in- 
deed, descend  the  Volga  from  Pies  by  Kineshma  to  Juriavetz,  without  observing 
decided  proofs  of  such  a  condition  of  things.  We  found,  in  fact,  that  instead 
of  occupying  a  regular  overlying  platform,  the  Ammonite  and  Belemnite  shales, 
of  whose  exact  age  we  were  at  first  in  doubt,  occurred  at  different  levels,  some- 
times on  the  higher  part  of  the  cliff,  at  other  places  in  depressions,  and  even  de- 
scending beneath  the  waters  of  the  stream,  as  represented  in  this  woodcut,  in 
which  a  marks  the  underlying  red  strata,  b  the  Jurassic  beds,  and  x  the  general 
cover  of  drift. 


Thk  wooicul  Rim.  to  .bout  Uurtr  main  of  nmtrr  ■  bomonul  ntf»n. 


We  saw  therefore,  in  the  general  contour  of  these  shales  and  the  various  strata 
of  red  marl  and  sand  on  which  they  repose,  exactly  the  same  relations  as  those 
which  occur,  between  the  beds  containing  the  same  fossils  near  Moscow,  and  the 
carboniferous  limestone  upon  which  they  there  lie.  In  fact,  the  woodcut  which 
has  already  been  given,  p.  80,  explains  a  similar  case ;  though  the  underlying  rocks 
at  Moscow  are  of  older  age  than  those  upon  the  Volga.    The  Ammonite  and 
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Belemnite  shale  of  the  Volga  having  no  stratigraphical  connection  with  the  inferior 
strata,  it  follows  necessarily,  that  their  age  can  be  determined  by  their  fossil  contents 
only.  Between  Pies  and  Kineshma,  the  black  shale  is  surmounted  by  thin  courses 
of  a  ferruginous,  concretionary  marlstone,  in  the  form  of  a  rude  oolite,  passing  here 
and  there  into  a  compact  rock,  and  exposing  on  the  whole  a  thickness  of  about 
fifty  feet.  At  Kineshma,  these  marlstone  beds  disappearing,  the  black  pyritous 
shale  alone  occupies  the  cliff  in  a  thickness  of  about  thirty  or  forty  feet.  Wherever 
we  detected  these  beds  of  shale,  whether  upon  the  Volga  or  upon  its  tributary  the 
Unja,  the  banks  of  which  we  examined  in  a  journey  from  Ustiug- Veliki  by  Nikolsk 
to  Kostroma,  we  found  that  they  were  characterized  by  the  same  organic  remains. 

Near  Makaricf,  on  the  Unja,  the  shales,  more  bituminous  than  upon  the  Volga, 
and  equally  reposing  upon  red  marl  and  sand,  are  loaded  with  a  vast  profusion  of 
flattened  and  iridescent  Ammonites,  chiefly  the  A.  cordatus  and  A.  virgalus,  asso- 
ciated with  Belemnites,  all  of  them  characteristic  fossils  of  the  Oxford  oolite  and 
clay.  The  same  forms  of  Ammonites  and  the  same  Belemnites  in  abundance  were 
observed  at  various  spots  along  the  Volga,  and  with  them  we  also  found  the  Gryphaa 
dilatata. 

Jurassic  Basin  of  the  Oka. — On  the  banks  of  the  river  Oka,  at  Oksevo,  the  first 
post  station  north  of  Jclatma,  in  the  government  of  Vladimir,  we  met  with  a  strong 
ledge  of  fossiliferous  Jura  rocks.  The  lowest  beds  visible  consist  of  black  pyritous 
shale  containing  the  Gryphaa  dilatata,  with  Belemnites.  Intercalated  with  these 
strata  are  spheroidal  concretions  of  calcareous  sandstone,  occasionally  two  to  three 
feet  long,  which,  when  split  up  by  the  peasants  as  flagstones  for  their  doorways, 
expose  micaceous  surfaces.  The  overlying  masses  consist  of  numerous  concretions 
of  yellowish,  marly  sandstone,  and  the  whole  are  conformably  surmounted  by  fer- 
ruginous sands  with  concretions  of  ironstone.  In  these  upper  strata  we  did  not 
observe  organic  remains  j  but  by  the  analogy  of  similar  beds  near  Jelatma  and 
Moscow,  of  which  we  are  about  to  speak,  we  believe  they  belong  to  the  group 
in  question. 

The  best  natural  sections  of  these  strata  are  laid  bare  in  several  deep  ravines  on 
the  left  bank  of  the  Oka,  four  versts  above  Jelatma  and  near  the  village  of  Inkino. 
Here,  as  in  the  adjacent  tracts,  the  superficial  cover  of  detritus  is  very  thick,  but 
wherever  this  matter  has  been  removed  by  falls  of  the  cliff,  as  represented  in  the 
annexed  woodcut,  we  met  with  the  following  beds  in  ascending  order,  and  occupying 
a  thickness  of  about  120  feet. 
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a.  Shale  and  sands,  b.  Black  shale,  with  calcareous  concretions  and  Tonsil*,  c.  Thickly  laminated  sandy  marl 
and  green  sand.  d.  Dark  shale,  r.  Yellowish  ferruginous  sands,  with  concretions  of  calcareous  grit  or  sandstone 
loaded  with  Ammonites.  Betcmnites,  and  other  fossils.  /.  Dark-coloured  marls,  followed  by  others  of  yellowish 
tint  ami  sandy  and  ferruginous  structure,  with  courses  of  marlstone,  «cc.  These  regular  beds  are  covered  by  argil- 
laceous  drift  (o),  which  for  the  most  part  obscures  the  section. 

The  fossils  found  midway  in  this  cliff  are  clearly  those  of  the  Kclloways  rock 
of  England  or  lower  beds  of  the  Oxford  group,  viz.  Ammonites  Gulielmi  (Sow.), 
A.  percgrinus  (D'Orb.),  allied  to  A.  Lamberti  (Sow.),  A.  Fournetianus  (D'Orb),  and 
Gryphata  dilatata,  which  occur  generally  through  the  lower  Oxford  oolite  of  France 
and  England.  With  these  are  found  three  species  of  Belemnites,  a  Mya  resem- 
bling Mya  dtpressa  ?,  Terebratula  allied  to  T.  socialis,  with  unpublished  Corbulse, 
Pectens,  Serpula?,  which  will  be  described  in  the  sequel. 

The  river  banks  wliich  expose  these  beds  of  the  middle  oolitic  group,  are  within 
three  miles  of  the  iron-works  on  the  cliffs  of  the  little  river  Unja  ',  on  which  we 
have  described  the  carboniferous  limestone  (p.  84.)  ;  and  from  the  beds  being 
horizontal,  it  is  almost  certain  that  these  rocks,  though  of  such  dissimilar  age, 
must,  if  their  relations  were  seen,  be  in  contact  as  at  Moscow,  without  the  inter- 
vention of  any  other  strata.  In  other  words,  wc  thus  learn,  that  the  edges  of  the 
great  red  (Permian)  basin  have  here  thinned  out ;  for  the  fundamental  rock  near 
Jelatma,  as  already  shown,  is  the  carboniferous  limestone. 

Though  we  had  not  sufficient  time  at  our  disposal  to  follow  the  whole  course  of 
the  river  Oka,  we  have  examined  the  fossils  collected  from  various  localities  upon 
its  banks  by  Colonel  Olivicri  of  the  Imperial  School  of  Mines,  which  lie  between 
Jelatma  and  Kolomna,  and  also  from  some  places  on  the  Moskwa,  and  we  have  no 
hesitation  in  saying,  that  they  all  indicate  precisely  the  same  group*. 

1  The  same  name  is  often  repeated  in  Russia  as  elsewhere.  This  river  Unja.  on  which  the  iron-works 
are  placed,  and  where  carboniferous  limestone  appears,  is  in  the  government  of  Vladimir,  and  very  distant 
from  the  stream  of  the  same  name  before  mentioned  north-north-east  of  Kostroma. 

•  Among  these  intermediate  localities  (and  probably  many  others  will  be  detected),  we  may  cite  Za- 
raisk  on  the  Oceter,  a  tributary  of  the  Oka,  forty  versta  from  Kolomna,  and  where  the  Jura  beda  lie  on  car- 
boniferous limestone ;  Petrofskaya.  seventy  vents  east-south-east  of  Moscow ;  Ochrinka.  near  Dronnitza. 
fifty-fiveversta  from  Moscow  (very  beautiful  fossils) ;  Miatchkova,  Bieseda,  Kolomniskaya  and  Koroskaya. 
all  in  the  vicinity  of  the  ancient  capital.  The  last-mentioned  localities  have  long  been  known  through 
the  researches  of  Dr  Fischer  de  Waldheim,  and  the  first  of  them  we  examined  personally. 
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strata  around  Moscow.— The  sections  of  Jurassic  beds  in  the  immediate 
neighbourhood  of  Moscow  exhibit  similar  relations  to  the  next  inferior  strata  with 
those  which  prevail  near  Jelatma  and  other  places  on  the  Oka  and  at  Zaraisk  upon 
the  Oceter,  viz.  they  are  at  once  incumbent  upon  one  or  other  member  of  the  car- 
boniferous limestone,  a  fact  we  have  already  alluded  to  in  describing  the  deposit 
at  Inkino.  And  here  we  cannot  but  rejoice,  that  our  visits  to  Moscow  seemed  to 
impart  new  energies  to  our  excellent  friend  the  veteran  naturalist  Dr.  Fischer  de 
Waldheim,  ex -President  of  the  Society  of  Natural  History  of  Moscow,  who  has 
subsequently  described  some  new  species,  of  which  we  shall  speak  in  the  analysis  of 
the  organic  remains ».  We  must  also  in  this  place  specially  acknowledge  that  we 
owe  our  acquaintance  with  many  of  the  details  of  the  Jurassic  strata  near  Moscow, 
as  well  as  the  best  fossils  we  possess,  to  Mr.  Frears,  an  intelligent  English  gentle- 
man resident  at  that  city. 

At  Miatchkova,  where  the  great  quarries  in  the  white  carboniferous  limestone 
have  laid  bare  their  relations,  black  shales,  differing  slightly  if  at  all  in  lithological 
composition  from  those  upon  the  Volga  and  the  Oka,  form  the  cover  of  the  mag- 
nesian  beds  of  the  older  limestone,  as  represented  in  this  woodcut,  which  though 

36. 

„     TW^Sh.  ij '    4  A~.it    arttk  n.-jrf^rti  hl.-u-.Va 

{; 


jrnti  and  femicir>:4M  tarni*  •nth  Ptrrnphjfilum  Mtrrhi**miam*tm  C. 
*,  <-.  Lover  *hiJe  b  with  Ammonitn,  Rvlr-rnrul**.  3*ihU  and  ihalr  [ri  with  J 
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previously  given,  we  now  repeat,  not  only  to  convey  a  general  idea  of  the  manner 
in  which  the  overlying  beds  succeed  to  the  palaeozoic  rocks',  but  also  to  define  the 
members  of  this  Jurassic  group. 

At  a  spot  within  the  city  of  Moscow,  and  on  the  right  bank  of  the  Moskwa, 
these  Jura  beds  were  discovered  by  Mr.  Frears  to  be  incumbent  on  certain  peculiar 
red  and  sandy  beds  with  limestone,  which  we  have  shown  to  form  an  integral  part 


'  Bull,  dc  la  Soci&e"  des  Nat.  de  Moscou.  torn.  xt.  p.  118,  ct  torn.  xvi.  Revue  de*  Fossiles  da  Oau- 
vcrncmcnt  de  Moscou. 

•  In  the  great  quarries  of  Miatchkova  the  incoherent  black  shale  1  as  frequently  subsided  or  has  been 
washed  down,  after  the  melting  of  the  snow,  into  the  hollows  or  excavations,  and  thus  in  many  instances 
the  shale  beds  seem,  at  first  sight,  to  underlie  the  carboniferous  h'meatone.  In  the  description  of  the  above 
I  at  page  80,  the  word  tertiary  has  been  erroneously  applied  to  the  overlying  siliceous  grita. 
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of  the  carboniferous  series  of  Russia.  In  ascending  the  Moskwa,  accompanied  by 
that  gentleman,  to  about  six  versts  beyond  the  city  and  near  to  the  village  of  Shela- 
pika,  we  found  its  left  bank  to  consist  of  finely  laminated,  slightly  micaceous,  inco- 
herent black  shale,  occasionally  pyritous,  and  rising  to  heights  of  forty  to  fifty  feet 
above  the  stream.  These  shales  are  seen  at  intervals  for  six  or  seven  versts  along 
the  Moskwa. 

Among  the  prevailing  fossils  here  we  could  not  avoid  remarking  specimens  of  the 
same  Ammonites  virgatus  found  at  Pies  on  the  Volga,  at  Makarief  on  the  Unja,  and 
at  Jelattna  on  the  Oka,  many  of  them  preserving  their  shells  with  a  beautiful  iri- 
descence, and  associated  with  the  same  Belemnites  as  in  those  localities.  With 
these,  however,  were  many  other  forms,  such  as  Trigonia,  Astarte,  Modiola,  Pec- 
ten,  Amphidesma,  &c,  which  we  had  not  collected  upon  the  Volga :  some  of  them 
have  been  recently  described  by  Dr.  Fischer.  After  crossing  a  neck  of  land  which 
is  peninsulated  by  the  river,  the  same  beds  are  traceable  in  its  banks  under  the 
village  of  Koroshovo,  where  they  are  overlaid  by  hard  siliceous  grits  (d  of  pre- 
vious section),  to  which  we  shall  hereafter  refer.  Near  the  church  or  western  part 
of  this  long  village,  the  shales  are  diversified  by  large,  irregularly  formed  concretions 
of  sandy  marlstone,  containing  very  numerous  organic  bodies,  many  of  which,  a 
well  as  little  nacreous  Ammonites,  preserve  their  shelly  covering  and  are  beauti- 
fully iridescent.  In  this  group  Dr.  Fischer  cites  the  Terebratula  acuta,  T.  ornitho- 
cephala,  and  T.  digona,  with  Avicula,  Astarte  and  other  shells,  among  which  we 
were  very  much  struck  with  two  forms  so  closely  resembling  well-known  fossils  of 
the  greensand  formation,  viz.  Pecten  orbicularis  and  Inoceramus  sulcatus,  that  on  the 
spot  wc  believed  them  really  to  represent  those  species  '. 

Unwilling  as  we  were  to  admit  lithological  composition  only,  as  an  evidence 
of  the  age  of  a  rock,  we  could  not  avoid  being  much  influenced  by  6uch  con- 
siderations, wheu  we  saw  fossils  so  closely  resembling  lower  cretaceous  types, 
imbedded  in  sandstone,  often  of  a  ferruginous  colour,  in  which  green  grains  and 
the  oxide  of  iron  were  disseminated,  just  as  in  the  greensand  of  Western  Europe. 
Some  of  the  overlying  courses  resemble,  indeed,  as  nearly  as  possible,  the  ferru- 
ginous bands  of  the  lower  greensand,  termed  "clinkers"  in  England,  whilst  be- 
neath them  the  strata  are  made  up  of  whitish  sand  passing  into  harder  grit. 

1  On  showing  this  Pecten  to  M.  A.  D  Orbtgny.  he  convinced  u»  that  it  U  distinct  from  the  P.  orbicu- 
laris :  Dr.  Fischer  ha*  *ince  published  it  under  the  name  of  P.  nummularis.  It  will  be  described  by 
M.  D"Orbigny,  together  with  the  other  fos*il»,  in  Part  UL 
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Whatever  doubts,  however,  we  at  first  entertained  as  to  the  age  of  these 
overlying  beds,  were  removed  by  examining  another  section  on  the  right  bank  of 
the  river,  under  the  Sparrow  Hills  and  directly  opposite  to  Moscow,  whither  we 
were  also  conducted  by  Mr.  Frears.  Here  the  cliff  (the  highest  point  in  the  imme- 
diate vicinity  of  the  capital)  rises  to  the  height  of  about  200  feet  above  the  stream, 
and  presents,  with  some  subsidences,  a  highly  inclined  talus  towards  the  rich  allu- 
vial plain  in  face  of  it,  on  which  stands  the  Devitchi  monastery.  This  cliff  occupies 
the  segment  of  a  circular  sweep  formed  by  the  river,  at  the  east  end  of  which  are 
the  noble  edifices  of  the  Mamonoff  palace  and  the  Donskoi  convent— on  the  west 
the  church  and  village  of  Vorobleia.  Within  this  space  of  about  an  English  mile, 
large  portions  of  the  cliff  have  sunk  down  and  form  undercliffs,  as  shown  in  this 
diagram,  and  the  edges  of  the  beds  are  thus  clearly  exposed  from  beneath  the  over- 
lying drift  of  sand  and  northern  boulders.  The  section  of  the  uppermost  beds  is 
best  seen  in  the  lateral  ravines,  which  here,  as  in  so  many  other  parts  of  Russia, 
open  out  from  the  river  banks  into  the  adjacent  country.  The  relations  of  the 
whole  were  rendered  still  more  clear,  at  the  period  of  our  visit,  by  excavations  and 
levellings  on  the  summit  of  one  of  the  chief  subsidences,  with  the  view  of  forming 
a  terrace  on  which  a  large  new  church  was  to  have  been  placed.  This  diagram 
explains  the  case. 


The  lowest  beds,  seen  only  in  the  dry  rammer  month*  at  the  river  cdjre.  and  in  a  a  mall  islet,  are  of  the  Black 
Ammonite  and  Belcmnite  ahale  (o).  These  are  overlaid  conformably  by  whituh  sands  with  green  .trie  (i).  Then 
follow  strong  bands  (c)  from  one  to  three  feet  thick,  of  highly  ferriferous  sandstone,  in  parts  running  into  concre- 
tions like  those  at  Koroabovo,  and  with  numerous  white  grains  appearing  in  the  base.  These  iron-shot  sandstones 
are  occasionally  so  loaded  with  Inocerami  that  we  may  call  them  "  /•oreramas  Grit,"  and  it  will  presently  be  shown, 
that  they  are  must  characteristic  of  strata  of  this  age  in  very  distant  localities  of  Russia.  Neit  follows  dark- 
coloured  marly  shale  alternating  with  saods  (if),  afterwards  passing  op  into  other  ferruginous  sands,  white  and  green 
(eand/). 

The  strong  bands  <c),  often  of  concretionary  forma,  are  most  charged  with  fossils,  some  species  of  which  also 
occur  in  the  underlying  black  shale,  such  aa  l'ecten,  Avicula,  and  Cardium.  We  also  detected  some  of  these  forma 
m  the  higher  beds  <d). 

2  i 
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After  making  this  section  we  could  not  entertain  a  doubt,  that  the  whole  of  the 
strata  of  shale,  sand,  marl  and  marlstone  which  we  had  seen  near  Koroshovo, 
belonged,  like  those  of  the  Sparrow  Hills,  to  one  and  the  same  Jurassic  fonnation. 

A  collection  of  the  fossils  from  Koroshovo  was  sent  by  Mr.  Frears,  at  our  request, 
to  Professor  Phillips,  who  identified  a  few  of  the  forms.  Aware,  however,  that 
M.  Alcide  D'Crbigny  was  exclusively  engaged  iu  a  general  examination  of  all  the 
Jurassic  remains  of  France,  and  believing  that  the  continental  Jurassic  deposits 
would  be  found  to  present  a  greater  number  of  analogies  to  the  Russian  fossils 
than  the  series  of  the  same  age  in  the  British  Isles  ;  and  knowing  further  that  the 
latter  were  still  far  from  being  thoroughly  described',  we  submitted  all  our  Jurassic 
shells  from  Russia  to  that  author,  requesting  him  to  place  them  in  parallel  with 
those  of  France.  The  divisions  of  the  French  series  being,  M.  D'Orbigny  has 
convinced  himself,  the  exact  counterparts  of  England,  as  described  by  the  English 
authors,  Smith,  Conybeare,  and  others,  he  has  assured  us,  that  the  group  of 
animal  remains  from  the  central  and  northern  tracts  of  Russia,  including  all  these 
strata  at  Moscow,  belong  to  the  lower  part  of  the  central  division  of  the  Oolitic 
system,  which  he  terms  the  "  Terrain  Oxfordicn."  We  shall  offer  a  few  remarks 
upon  this  comparison  at  the  close  of  the  chapter. 

It  yet  remains  for  us  to  describe  the  overlying  siliceous  grits  {d)  of  the  general 
section  of  the  country  around  Moscow  which  arc  represented  in  the  woodcut  at 
p.  235.  With  no  other  guide  than  their  lithological  character  and  overlying  posi- 
tion, we  were  at  first  disposed  to  place  these  beds  (though  with  much  hesitation) 
on  a  parallel  with  the  greensand.  A  subsequent  exploration  of  Southern  Russia,  in 
which  we  became  acquainted  with  siliceous  sandstones  (not  exactly  similar  it  is  true) 
in  deposits  above  the  chalk,  induced  us  to  suppose  that  the  Moscow  grits  might, 
after  all,  prove  to  be  of  tertiary  age.  Geologists  who  have  not  worked  amid  the 
obscurity  of  Russian  stratification  must  not  feel  surprised  at  this  oscillation  in  our 
minds.  They  will  recollect  that  proofs  have  been  already  adduced  of  the  apparent 
conformity  of  succession  being  in  truth  no  criterion  of  contiguous  beds  forming 

1  Wc  happen  to  know,  from  Professor  Phillips  himself  us  well  us  from  Sir  Henry  De  la  Bechc,  that  a 
very  considerable  number  of  unpublished  oolitic  species  have  been  discovered  by  the  British  Ordnance 
surveyors.  From  our  knowledge,  indeed,  of  the  numerous  additions  made  to  this  fauna  in  one  district 
only  by  Mr.  Buckman  of  Cheltenham,  wc  arc  quite  ready  to  admit,  that  additional  monographs  must  be 
brought  out  before  this  important  system  is  thoroughly  illustrated  in  the  British  Isles.    In  the  mean 


time  we  refer  our  renders  to  a  promised  new  edition  of  Murehison's  '  Geology  of  Cheltenham,'  with  addi- 
tions by  Mr.  Buckman  and  Mr.  H.  E.  Strickland. 


FERRUGINOUS  SANDS  AND  GRIT  WITH  PLANTS. 


239 


parts  of  a  connected  series.  In  the  absence  of  clear  sections  and  junctions,  and 
unprovided  with  any  fossil  evidences,  we  continued,  therefore,  to  remain  in  doubt 
concerning  these  upper  siliceous  grits  of  Moscow,  when  we  received  a  letter  from 
Mr.  Frears,  who,  in  sending  us  drawings  of  fossil  plants  recently  found  in  them,  has 
happily  enabled  us  to  come  to  a  distinct  conclusion  respecting  these  hitherto  ambi- 
guous strata.  Before  we  advert  in  greater  detail  to  these  plants,  wc  must  say  a  few 
words  on  the  position  and  structure  of  the  rock  in  which  they  have  been  discovered. 

As  the  Jura  shales  and  sands  which  have  been  described,  occur  in  depressions 
of  the  carboniferous  limestone  (woodcut,  p.  235),  and  occasionally  rise  to  certain 
heights  upon  the  banks  of  the  Moskwa  ;  so  are  they  conformably  surmounted  by 
the  siliceous  sandstones  and  grits  in  question,  which  occupy  the  plateaux  and 
summits  of  the  country,  where  they  are  not  covered  with  drift  and  detritus.  For 
the  most  part  they  are  ferruginous  sandstones,  occasionally  containing  green  grains 
and  somewhat  earthy,  but  in  their  lower  parts  they  exhibit  large  subconcretionary 
masses  of  hard  siliceous  grit,  usually  of  a  white  colour,  which  are  extracted 
for  building  purposes  and  also  for  millstones,  and  form  a  regular  article  of  export 
from  Moscow  to  distant  parts  of  Russia'.  On  the  high  grounds  at  Celo  Nikilof- 
skaya,  between  Brounitzi  and  Miatchkova,  considerably  to  the  south  of  Moscow, 
we  examined  quarries  opened  out  from  beneath  yellow,  white  and  reddish-brown 
drift,  in  which  the  upper  beds  of  this  rock  consisted  of  greenish  argillaceous  sand, 
the  central  of  ferruginous  sandstone  with  ironstone  concretions,  and  the  lower  of 
the  compact  white  grit  in  question. 

The  best  sections,  however,  are  seen  in  ascending  the  Moskwa  for  a  few  verats 
above  the  metropolis.  We  have  already  described  the  manner  in  which  the  fossili- 
ferous  Jura  shales  and  calcareous  grits  and  sands  are  exposed  at  Koroshovo,  on 
the  left  bank  of  that  stream.  They  are  there  covered  by  the  sands  and  grits  which 
we  are  considering,  but  the  bank  being  low  and  much  eroded,  the  chief  visible 
remnants  of  the  overlying  mass  are  hard  blocks  of  siliceous  grit,  which,  owing  to 
their  isolated  and  weathered  aspect,  appear  at  first  sight  to  be  boulders.  But  their 
true  relations  are  observed  by  passing  to  the  opposite  and  higher  bank  of  the  river. 
It  is  in  this  plateau,  and  near  the  hamlet  of  Tatarova,  that  the  most  extensive 
quarries  have  been  laid  open  in  the  overlying  sandstone,  parts  of  which  are  iden- 
tical with  the  blocks  at  Koroshovo.  The  escarpment  there  presents  to  the  river 
valley  a  section,  in  which  30  to  40  feet  of  sandstone  have  been  cut  into,  surmounted 

'  We  met  with  the  Moecow  millrtoue*  at  Nijny  Novogorod.  and  even  at  U.tiug-Tcliki. 

2  i2 


Digitized  by  Google 


240 


FERRUGINOUS  SANDS  AND  GRIT  WITH  PLANTS. 


by  a  mass  about  12  to  1 5  feet  thick  of  reddish-coloured  detritus.  The  upper  stone 
beds  are  rusty-yellow,  slightly  coherent,  sandy  grits,  with  occasional  flattened  geodes 
of  black  and  brown  oxide  of  iron.  In  these  respects,  indeed,  they  are  not  very  dif- 
ferent from  the  upper  ferruginous  beds  under  the  Sparrow  Hills,  a  continuation 
of  the  same  plateau.  The  whiter  grit  extracted  for  building  and  millstone  occurs 
in  subconcretionary  masses  or  flattened  ellipsoids  from  two  to  four  feet  thick,  and 
forms  the  lower  part.  If  prolonged  across  the  Moskwa,  these  horizontal  beds  would 
be  directly  superposed  on  the  Jurassic  strata  of  Koroshovo,  and  we  thus  learn,  that 
the  detached  blocks  of  grit  in  the  loose  overlying  sands  of  that  village,  are  simply 
the  harder  beds  in  titu  which  have  resisted  denudation. 

For  a  long  time  the  only  fossil  we  had  obtained  from  these  sandstones  was  a 
cast  of  a  shell  evidently  marine,  and  apparently  belonging  to  the  genus  Lucina.  The 
plants  above  mentioned  have  therefore  proved  to  be  a  most  important  addition. 

Two  of  the  best-preserved  specimens  of  these  plants  were  discovered  in  the 
ferruginous  sandstone  of  Tatarova.  On  sending  the  drawings  of  them  to  Dr. 
GSppert  of  Breslau,  that  eminent  botanist  has  referred  two  of  these  specimens  to  the 
genus  Pterophyllum  of  the  family  Cycadea?,  and  his  description  of  the  best-pre- 
served species,  which  he  has  named  Pterophyllum  Murchisonianum,  will  be  given  in 
Part  III.  of  this  work.  Other  closely  allied  plants,  belonging  either  to  the  same 
genus  or  to  Calamites,  with  traces  of  Conifers;,  have  been  found  by  Mr.  Auerbach' 
in  a  white  siliceous  grit  near  Klin,  which,  from  the  lie  of  the  country  and  nature  of 
the  rock,  Mr.  Frears  has  no  doubt  is  of  the  same  age  as  that  of  Tatarova.  These 
will  also  be  described  in  the  sequel.  Again  at  Troitskoi  on  the  Moskwa,  three 
versts  above  Tatarova,  Mr.  Frears  has  found  similar  sands  to  be  associated  with 
a  deposit  of  calcareous  shale  and  marl,  also  highly  ferruginous  and  full  of  equiseta- 
ceous  plants.  As  no  drawings  of  these  last-mentioned  remains  have  yet  been  sent 
to  us,  we  are  unable  to  reason  upon  them,  except  by  general  analogy ;  whilst  it 
is  very  interesting  to  find,  that  they  are  there  associated  with  fishes'  teeth  and 
a  quantity  of  scales  of  fishes,  which,  when  adequately  examined,  will  no  doubt 
enable  geologists  to  place  these  beds  still  more  precisely  in  their  geological  position*. 

1  One  of  these  plants  has  been  named  by  M.  Auerbach  Scolopendrites  jirctinatus. 
*  In  respect  to  Jurassic  fishes,  it  is  important  to  state,  that  a  fish -palate  found  on  the  banks  of  the  Volga 
having  been  sent  to  Dr.  Mantel],  he  is  about  to  publish  it  in  his  new  work,  *  The  Medals  of  Creation,' 


under  the  name  of  GyroAu  Mrrchisom  |  expressing  also  his  opinion,  and  that  of  Agassi*,  that  it  is  am 


oolitic  form. 
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It  would  further  appear  that  Professor  Rouiller,  of  the  Imperial  Academy  of  Moscow, 
has  examined  the  substance  of  this  rock  very  carefully  under  the  microscope,  and 
has  discovered  in  it  an  extraordinary  quantity  of  siliceous  sheaths  of  Infusoria, 
among  which,  besides  some  unknown  genera,  he  has  recognised  Bacillaria,  Fragil- 
laria,  Cosconema,  Galionclla,  &c. 

Regretting  that  we  have  not  had  it  in  our  power  to  inspect  the  remains  of  the 
fishes,  infusoria  and  plants,  from  the  last-mentioned  locality,  we  still  think  that  we 
can  form  a  tolerably  correct  decision  as  to  the  age  of  these  beds,  from  the  drawings 
of  the  plants  of  Tatarova  and  Klin  only,  when  coupled  with  our  personal  acquaint- 
ance with  the  succession  and  relations  of  the  strata.  It  is,  indeed,  quite  evident 
that  these  plants,  for  the  most  part  Cycadese  and  Ferns,  with  fragments  of  stems, 
which,  if  not  those  of  Calamites,  probably  belong  to  Zamiae,  are  from  their  facies 
of  at  least  as  high  antiquity  as  the  upper  and  middle  oolite,  and  having  referred 
them  to  Dr.  Mantell  and  Dr.  Lindley,  those  competent  authorities  are  of  opinion 
that  they  more  naturally  pertain  as  a  group  to  the  Flora  of  the  Jurassic  than  to 
that  of  any  other  system.  No  such  plants  have  ever  been  found  in  Cretaceous 
rocks,  and  it  is  needless  to  add  that  they  are  wholly  unlike  any  forms  of  vegetation 
of  the  Tertiary  age. 

The  geological  relations  of  the  strata  in  which  the  plants  are  contained,  are  com- 
pletely in  accordance  with  this  view  ;  for  we  have  shown  that  they  constitute  the 
conformable  roof  of  beds  with  many  Oxfordian  shells,  and  that  in  one  locality  (the 
Sparrow  Hills),  the  latter  are  seen  to  pass  upwards  into  white  and  ferruginous 
sands  scarcely  to  be  distinguished  from  those  of  Tatarova. 

We  shall  afterwards  point  out  other  sections  on  the  Volga  where  a  similar 
ascending  order  is  observed,  and  where,  as  at  Moscow,  it  is  impracticable  to  sepa- 
rate the  overlying  iron  sands  from  the  inferior  Ammonitic  shales ;  and  towards 
the  close  of  the  chapter  we  shall  indicate  how  in  the  south  of  Russia,  sands,  with 
plants  and  lignite,  which  we  believe  to  be  similar,  are  overlaid  by  limestones  of  the 
age  of  the  Coral  Rag. 

A  recent  excursion  to  Poland,  to  which  allusion  has  been  made  when  treating  of 
the  Permian  rocks,  also  enables  us  to  throw  collateral  light  on  this  question. 
By  reference  to  the  geological  map  of  Poland  by  M.  Pusch,  it  will  be  seen  that  he 
considers  a  large  tract  of  sandstones  between  Warsaw  and  Kielce  to  be  either  of 
the  a;ra  of  the  lower  Lias  (Ores  du  Lias),  or  of  the  Keuper.  Having  previously  con- 
vinced ourselves  that  there  were  no  representatives  of  the  Lias  or  Keuper  in  the 
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adjacent  plains  of  Russia,  we  were  naturally  anxious  to  satisfy  ourselves  if  the 
so-called  Lias  sandstone  of  Poland  was  really  of  that  age.  Accompanied  by  Pro- 
fessor Zcuschner  and  our  kind  friend  Mr.  D.  Evans,  the  proprietor  of  its  mines,  we 
examined  this  tract.  To  the  south  and  west  of  Jevitze,  sandstones  of  yellowish  and 
white  colours  are  overlaid  by  a  subcrystalline  limestone,  in  parts  having  a  coarse 
oolitic  structure,  and  which,  from  certain  imbedded  species  of  Echini  and  fragments 
of  shells,  we  had  little  hesitation  in  referring  to  the  Coral  Rag.  The  inferior  rocks 
which  rise  to  the  south,  and  there  form  undulating  wastes,  at  once  struck  us 
forcibly  by  their  lithological  resemblance  to  the  sandstones  of  the  eastern  moorlands 
of  Yorkshire,  like  which  they  are  in  parts  highly  ferruginous  (concretionary  iron  ores 
being  worked  in  them),  and  also  contain  6ome  thin  seams  of  poor  coal,  used  in  smelt- 
ing the  iron.  In  fact,  just  as  in  our  English  example,  these  members  of  the  oolitic 
series,  consisting  of  sand,  grit,  shale,  and  some  carbonaceous  matter,  have  much 
the  mineral  aspect  of  a  true  coal-field.  Possessing  an  intimate  acquaintance  with 
similar  deposits  in  Yorkshire  and  at  Brora,  we  had  little  hesitation  in  placing  these 
Polish  sandstones  on  their  true  parallel ;  and  we  were  further  strengthened  in  our 
conclusion  by  finding  some  plants,  which,  if  not  identifiable  with  known  species  of 
the  coast  between  Scarborough  and  Whitby,  appear  to  belong  to  the  same  group. 

But  to  connect  the  Polish  with  the  Russian  case.  The  plants  found  at  Rosvadi  in 
Poland  occur  in  sandstone  similar  to  that  of  Tatarova,  and  evidently  belong  to  the 
same  series  ;  and  we  have  now  no  longer  any  doubt,  that  they  are  all  of  younger 
date  than  the  Lias,  and  are  on  the  general  parallel  of  the  middle  oolite.  To  attempt 
to  establish  a  closer  comparison  would  be  unsafe  with  our  present  amount  of  know- 
ledge ;  and  it  is  enough  for  our  purpose  to  say,  that  without  pretending  precisely  to 
identify  each  continental  subformation  with  a  corresponding  stratum  of  the  British 
Isles  or  of  France,  we  believe,  that  the  arenaceous  strata  so  copiously  developed 
around  Jevitze  and  Rosvadi  in  Poland  represent,  as  a  whole,  the  series  of  sandstone 
and  shale  beneath  the  Coral  Rag,  and  extending  downwards  through  the  middle 
oolite  ;  whilst  from  its  well-defined  horizon,  as  immediately  covering  a  formation 
charged  with  Oxford  fossils,  we  consider  the  arenaceous  grits  of  Tatarova  and  the 
adjacent  plateaux  of  Russia  to  be  of  the  age  of  the  sands  beneath  the  Coral  Rag. 

We  have  previously  shown  that  at  Oksevo  and  Inkino  upon  the  Oka,  beds  con- 
taining Oxfordian  fossils  pass  upwards  into  iron  sands,  and  we  have  now  no  doubt 
that  the  latter,  as  well  as  similar  beds  at  Unja  near  Jclatma  (p.  84),  in  which  iron 
ores  arc  worked,  belong  to  the  same  division  of  deposits  as  the  sandstones  of  Mos- 
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cow.  Lastly,  in  reference  to  many  other  parts  of  the  governments  of  Moscow, 
Vladimir,  and  the  adjacent  tracts'  (in  which,  it  is  to  be  remarked,  no  trace  of  any 
cretaceous  or  tertiary  fossil  has  yet  been  found),  we  venture  to  suggest,  that  nearly 
all  the  ferruginous  sands  with  ironstone  concretions  will  also  be  found  to  belong  to 
the  same  member  of  the  Jurassic  series, — the  youngest  formation  which  has  yet 
been  proved  to  exist  beneath  the  drift  and  recent  accumulations  of  this  central 
region.  This  conclusion  is,  we  think,  sustained  by  fair  analogy,  and  by  the  fact, 
that  all  the  Russian  deposits  preserve  an  uniform  lithologieal  character  over  very 
wide  areas. 

Great  Jurassic  Basin  of  the  Lower  Volga,  and  of  the  Governments  of  Simbirsk, 
Tambof,  and  Saratof  .—The  Jurassic  rocks  of  Russia,  as  already  explained,  occupy 
detached  basins  only,  and  are  therefore  of  less  continuous  extension  than  the 
systems  of  Palaeozoic  age.  When  viewed  upon  the  map,  these  masses  appear  of 
much  less  horizontal  extension  than  even  the  cretaceous  deposits  which  overlie 
them.  This  view,  founded  as  it  is  upon  the  knowledge  we  at  present  possess,  must 
not,  however,  be  exaggerated.  It  is  very  true  that  in  the  tracts  of  the  Middle 
Volga,  the  Oka,  and  thcMoskwa  already  described,  as  well  as  in  the  isolated  patch 
discovered  by  one  of  us  near  Sisolsk,  to  the  north-east  of  Ustiug-veliki*,  these 
deposits  are  narrow  stripes  of  very  limited  extent.  They  resemble,  in  fact,  detached 
relics  of  a  sea,  the  deposits  of  which  were  probably  separated  by  undulatory  move- 
ments of  the  more  ancient  rocks.  When,  however,  we  follow  the  southern  limit  of 
the  Permian  strata  from  the  banks  of  the  Alatyr,  south  of  Arzamas,  to  Simbirsk 
upon  the  Lower  Volga3,  or  when  we  interrogate  the  deep  denudations  on  the 
banks  of  that  stream,  to  ascertain  the  nature  of  the  base  of  the  plateaux  to  the 
south  of  the  governments  of  Simbirsk,  Saratof  and  Penza,  it  is  seen  that  every- 
where, from  their  northern  boundary  to  Saratof,  Jurassic  rocks  have  extended 
and  are  visible  beneath  the  cretaceous  and  tertiary  deposits.  To  the  south  of  Sa- 
ratof the  great  thickness  of  these  overlying  strata  docs  not  permit  us  to  reach  the 
Jurassic  beds  in  any  natural  section,  aud  their  future  prolongation  in  that  direction 

1  We  met  with  similar  slightly  coherent,  ferruginous  sandstones,  in  ravines  on  the  right  bank  of  the 
Oka  at  Piskavadi,  between  Mteensk  and  Biclef.  where  they  rest  on  the  corroded  surface  of  Devonian  rocks. 
We  may  also  state,  that  a  proprietor  of  iron  mines  in  the  government  of  Vladimir  informed  Mr.  Frears,  that 
he  had  discovered  Ammonites  in  the  beds  from  which  his  iron  ores  are  extracted. 

•  By  Count  Keyscrling.    (See  Map.) 

>  We  designate  a*  Lower  Volga  all  the  course  of  that  river  below  Kazan. 
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becomes  of  course  problematical.  Id  tracing  their  western  limit,  we  discover  it  in 
the  bed  of  the  river  Alatyr  and  its  affluents,  and  we  have  already  shown  that  these 
strata  reappear  on  the  Oka  near  Jelatma.  In  that  parallel  the  Jurassic  strata  have 
certainly  not  spread  out  so  far  to  the  south  as  the  meridian  of  Saratof,  for  they  are 
entirely  absent  in  the  government  of  Voronejc,  where  wc  saw  cretaceous  strata 
reposing  at  once  upon  Devonian  rocks.  Lastly,  the  northern  limit  of  the  great 
Jurassic  band  we  are  now  considering,  is  defined  by  a  line  which,  passing  from 
about  twenty  versts  below  the  source  of  the  Piana,  terminates  upon  the  Volga 
about  fifty  to  sixty  versts  north  of  Simbirsk,  and  a  little  below  Tetiushi.  We  infer 
that  Jurassic  beds  arc  to  be  found  on  the  road  from  Arzamas  to  Simbirsk,  because 
we  observed  Bclemnites  in  the  bed  of  the  Piana.  Near  Barniikova,  indeed,  these 
beds  arc  seen  tn  situ  in  the  banks  of  the  rivulets  around  the  village  of  Kamarinof, 
about  twenty-five  versts  east  of  Ardatof,  and  they  continue  to  range  without 
interruption  to  the  river  Sura,  where  they  disappear  beneath  the  chalk,  and  only 
emerge  from  beneath  that  formation  in  the  deep  valley  of  the  Volga  at  Simbirsk. 
If,  as  we  presume,  there  is  no  objection  to  the  idea,  that  the  argillaceous  beds  with 
Ammonites,  mentioned  by  Pallas  in  so  many  places  on  the  Alatyr,  near  Vassili- 
Maidan,  &c,  and  which  we  refer  to  the  Jurassic  age,  are  prolonged  beneath  a 
vast  detrital  cover,  and  are  united  with  the  strata  described  by  us  upon  the  Oka, 
it  will  readily  be  admitted,  that  this  basin  having  the  form  of  a  triangle,  the 
acute  point  of  which  extends  to  near  Jelatma,  and  the  two  sides  of  which  range 
to  the  Volga,  is  the  largest  continuous  mass  of  this  age  in  the  centre  of  the  Rus- 
sian empire.   (See  Map.) 

After  thus  seeking  to  trace  the  limits  of  this  great  Jurassic  mass,  we  may  now 
speak  of  its  composition  and  fossil  contents.  It  is  a  fact,  to  which  we  must  again 
advert,  that  the  Jurassic  formation  of  the  north  aud  centre  of  Russia  is  every- 
where composed  of  dark-coloured  pyritous  shale  or  clay,  and  of  sands,  sandstone 
and  marlstone,  and  very  seldom  contains  solid  and  calcareous  beds.  Thus,  for 
example,  in  all  the  basin  of  which  we  are  treating,  we  know  of  no  calcareous 
matter  except  in  the  concretions  or  discontinuous  courses  of  impure  argillaceous 
limestone,  of  greyish  and  blue  colour,  which  we  can  best  compare  with  the  cement 
stones  of  the  Lias.  In  his  journey  from  Arzamas  to  Penza,  Pallas  pointed  out 
these  concretions  near  Vassili-Maidan,  in  an  affluent  of  the  Alatyr,  and  at  other 
places.  They  are,  in  fact,  well  known  to  modern  geologists  as  occurring  in  many 
argillaceous  deposits  of  very  different  age.    The  country  between  the  Piana  and 
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the  Sura  contains  a  considerable  number  of  them,  and  they  are  prolonged  to 
the  Volga.  At  Goroditche,  below  Simbirsk,  they  appear  to  lie  in  the  upper  part 
of  the  formation,  i.e  above  "  Inoceramus  sandstone,"  like  that  which  has  been 
described  at  Moscow.  On  the  other  hand,  they  are  found  in  the  great  cliffs  of 
Saratof,  rather  low  in  the  series  j  and  there  they  have  no  longer  the  form  of  ellip- 
soids, but  more  frequently  of  truncated  cones  applied  base  to  base. 

One  of  the  most  interesting  beds  of  this  Jurassic  system,  at  Simbirsk  and  Go- 
roditche, is  the  Inoceramus  sandstone.  This  baud  has  already  been  noticed  at 
Moscow,  and  we  now  allude  to  it,  to  show  the  remarkable  persistence  of  the  same 
strata  over  wide  areas,  and  also  to  demonstrate,  that  all  these  Jura  deposits  of  Russia, 
however  distant  from  each  other,  belong  to  one  stage  in  the  series.  At  Simbirsk  this 
sandstone  is  almost  on  the  level  of  the  Volga,  whilst  at  Goroditche,  twenty-five  versts 
to  the  north  of  this  town,  it  is  nearly  at  the  summit  of  cliffs  150  or  160  feet  above 
the  stream.  This  difference  of  level,  in  a  band  of  such  persistence  and  which 
marks  so  distinct  a  horizon,  indicates  in  the  deposits  of  that  tract  a  regular  inclination 
to  the  south,  although  it  is  as  imperceptible  to  the  eye  as  the  dip  of  the  Silurian 
and  Devonian  rocks  upon  the  Volkof  (p.  30).  But  slight  as  it  is,  this  inclination  is 
still  adequate  to  cause  the  whole  of  the  Jurassic  rocks  to  disappear  at  some  versts 
below  Simbirsk,  where  they  are  replaced  by  the  chalk,  which  descends  to  the  water's 
edge  and  occupies  the  river  cliffs.  The  rise  of  the  carboniferous  limestone  in  the  pe- 
ninsula of  the  Volga  near  Samara  (p.  86),  again  brings  to  day  the  Jura  beds  in  the 
neighbourhood  of  Sysran,  and  with  exceptions  they  thenceforward  form  the  bottom 
of  the  valley  of  the  Volga  as  far  south  as  a  promontory  below  Saratof.  Another 
band  worthy  of  notice,  because  it  occurs  in  several  localities  and  serves  to  mark  a 
fixed  place  in  the  deposit,  contains  beds  of  combustible  matter  or  lignite.  These 
are  the  bituminous  schists  of  Goroditche ',  and  of  Kaschpoor  near  Sysran,  which 
contain  Ammonites  and  Belemnites  described  by  M.  Eichwald,  and  which  Colonel 
Helmcrsen  has  shown  to  re-occur  at  Khvalinsk 

Sections  on  the  Lower  Volga. — We  will  now  give  in  detail  the  section  of  the  right 

1  The  Jurassic  shale  wc  have  described  contain*  in  parte  of  its  range,  as  we  have  shown,  some  courses 
of  bituminous  schist  and  impure  lignite,  notably  at  Goroditche  and  at  Khvalinsk  on  the  Volga.  One  of 
the  chambered  shells  from  the  last-mcntioned  locality  having  been  described  by  Professor  Eichwald  as  a 
goniatite,  these  strata  were  considered  to  belong  to  the  carboniferous  system  until  we  visited  the  locality. 
As  the  character  of  the  shale  had  led  some  persons  to  think  that  lignites  fit  for  use  might  be  extracted  in 
this  region,  we  beg  to  state,  that  we  dissent  entirely  from  this  surmise,  aud  believe  that  in  an  economical 
sense  the  bituminous  shale  of  the  Volga  is  worthless. 

•  Sec  a  Geological  Map  of  Russia  by  Colonel  Helmersen,  published  before  we  visited  thesa  part*, 
anno  1841. 
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bank  of  the  Volga  at  Goroditche  west-north-west  of  Simbirsk,  because  it  shows  the 
relative  positions  of  several  of  the  beds  to  which  allusion  has  just  been  made. 

SECTION  AT  GOUODITCHE  ON  THE  VOLGA.  38. 


Omrif  •'TehoeBowi"  erBUrk  K«nh 
The  >bOTt  bob  an  woa  la  tlx  advent  tla\ 


To  the  north-east  of  Sysran,  or  in  the  hills  above  the  Ussa  and  Volga  rivers,  the 
lower  Jurassic  shale  is  seen  in  mouldering  cliffs  and  sloping  hills  loaded  with  cha- 
racteristic Ammonites  and  Belemnites,  and  reposing,  as  at  Moscow,  upon  the  car- 
boniferous limestone  »,  To  the  south  of  Sysran  the  same  black  shale,  with  greenish 
and  ferruginous  sandstone  and  concretions,  extends  into  the  promontory  of  Kas!i- 
poor  and  occupies  the  base  of  nearly  all  the  sections  down  to  Saratof.  At  Feodorof- 
skaya  and  Khvalinsk  these  beds  are  capped  by  cretaceous  rocks  and  white  chalk. 

After  several  denudations  and  obscurations,  the  Jurassic  rocks  appear  in  great 
force  in  the  cliff's  of  the  Volga  at  Saratof,  and  to  the  north  of  that  city  exhibit  a 
greater  development  of  the  formation  than  we  have  seen  at  any  otie  place  in  Russia, 
the  vertical  thickness  not  being  less  than  300  to  400  feet.  The  ascending  section 
from  the  Volga  under  the  hill  of  the  suburb  called  Sakalosfkie, 


1 .  Towards  the  river  edge,  a  rut  aucceUHin  of  rolling  subsidence*  of  clay,  sand  and  grit,  the  detritus  of  the 
cliff  above,  which  rise  in  a  rude  talus,  the  concretions  of  cement  stone  w ith  scptarian  divisions  exposing  here  and 
there  very  beautiful  Ammonites  and  other  fowils,  often  highly  iridescent.  The  Ammmmilrt  rWufiu  of  the  Oxford 
clay  is  one  of  the  species  we  were  enabled  to  identify  upon  the  spot.  2.  Dark  pyritous  shale  with  many  concre- 
tions of  ferriferous  and  argillaceous  limestone  of  light  indigo  colour,  some  as  large  as  bec-bives,  easily  exfoliating 
and  breaking  to  piece*  under  atmospheric  influence  (iridescent  Ammonites  abundant).  3.  Sands  of  yellowish 
colours  and  of  considerable  thickness.  4.  Shale.  5.  Yellow  sandstone  with  bands  of  cherty  character.  6.  Hark 
shale,  with  concretions  passing  into  whitish  stone  band*.  7  Yellow, 
H.  Dark  shale.    9.  Yellow  and  whitish  . 


1  The  vertebra  of  a  Saurian  has  also  been  found  here,  and  was  described  by  Professor  Eichvrald.  Cbcr 
Icthyos.  und  Ccrat.  Hussl.  1841.  The  Orbicula  mantit  above  mentioned,  is  described  by  the  same  author. 


I'rwelt  Ruasland,  1840.    Heft  1.  Pl.  4. 


Digitized  by  LjO 


JURASSIC  DEPOSITS  OF  ORENBURG. 


247 


Though  we  had  no  time  to  seek  for  many  fossils,  our  readers  cannot  fail  to  per- 
ceive in  this  section  a  close  analogy  to  the  succession  at  Moscow  and  other  places, 
and  will  readily  admit  with  us,  that  as  at  the  ancient  metropolis  and  at  Inkino  on 
the  Oka  so  at  Saratof,  ferruginous  and  white  sands  form  the  upper  part  of  the  de- 
posit. We  shall  presently  sec  how  these  sands  connect  the  strata  we  have  been 
considering  with  the  next  overlying  formation  in  the  south  of  Russia. 

Eastern  tract  of  Jurassic  Rocks. — It  is  a  remarkable  proof  of  the  value  of  pala?- 
ontological  evidence,  in  identifying  strata  before  they  have  been  examined  by  field 
geologists,  that  certain  fossils  sent  to  M.  Von  Buch  from  the  government  of  Oren- 
burg, enabled  him  anterior  to  our  visit,  to  assert  that  the  same  band  of  Jurassic 
rocks  which  occurs  at  intervals  in  the  plains  of  Russia  and  near  Berlin,  appeared 
also  in  the  steppes  which  lead  from  Europe  into  Asia.  Whilst  our  own  observations 
completely  confirm  this  view,  we  must  state,  that  however  uniform  is  the  com- 
position of  the  rocks  of  this  age  in  the  central  and  northern  regions  of  Russia,  yet 
as  they  approach  to  the  Ural  chain  and  the  Asiatic  steppes,  they  put  on  lithological 
characters  dissimilar  from  their  ordinary  matrix.  The  higher  grounds  which  rise 
above  the  cupriferous  strata  of  Kargala  and  the  Saragula  Hills,  are  covered  by 
very  siliceous  beds,  in  which  the  same  Jurassic  fossils  as  at  Moscow,  such  as 
Ammonites  cordatus  and  Gryphaa  dilatata,  occur  in  nearly  pure  ailex.  On  the 
river  Vitlanka,  not  far  from  the  salt  mines  of  Illetzkaya-Zastchita,  the  same  forma- 
tion is  well  seen  in  open  quarries  of  about  fifteen  feet  in  depth,  where  the  stone  is 
of  light  yellow  colour,  sonorous  under  the  hammer,  and  is  composed  of  minute, 
white  siliceous  grains  cemented  in  a  calcareous  paste,  which  still  more  prevails  in 
other  beds  which  become  calcareous  grits.  Here  are  again  found  fossils  which  are 
common  in  the  Jurassic  shales  of  Moscow,  such  as  a  Lima  closely  allied  to  L. 
proboscidca,  Ammonites  cordatus,  &c  &c.  In  two  ridges,  called  Tatchiluoi  Gora  and 
Jornavoi  Kamen,  the  same  rock  becomes  a  complete  siliceous  grit,  and  is  even 
quarried  for  millstones  and  grindstones.  Near  the  fort  of  Isabelnoi  upon  the  lick, 
similar  beds  occur  and  have  furnished  osseous  remains,  which  we  did  not  see, 
but  probably  belonging  to  a  large  Saurian  ;  and  they  are  also  seen  at  the  sources  of 
the  river  Kamenko  on  the  slope  of  the  Obstchey  Syrt,  forty  vcrsts  north  of  the  fort 
of  Baratinski. 

We  may  here  remark,  that  the  surface  of  these  Jurassic  districts  is  often  covered 
with  rolled  pebbles  of  white  quartz  and  Lydian  stone,  both  on  the  river  Vitlanka  and 
on  the  adjacent  hills,  and  among  this  detritus  are  large  blocks  of  quartz.  Near  the 
small  river  Tchorni  Retchki,  to  the  north  of  Novo  Illetzkaya,  we  discovered  beds  of 
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conglomerate  in  situ,  made  up  of  similar  materials  resting  on  red  Permian  sandstone. 
It  is  probable,  therefore,  that  all  the  rolled  stones  having  the  same  characters  which 
arc  spread  over  parts  of  the  tract  of  the  high  steppe  of  Illetzkaya-Zastchita,  have 
been  derived  from  a  disintegration  of  the  Permian  conglomerates  which  were  re- 
arranged by  the  sea  in  which  these  Jurassic  rocks  were  accumulated,  Let  this 
theoretical  point  be  as  it  may,  the  lithological  composition  of  the  Jurassic  rocks 
in  the  southern  part  of  the  government  of  Orenburg  is  highly  interesting,  in  show- 
ing how  similar  mechanical  submarine  operations  have  been  repeated  in  distant 
countries  during  former  epochs,  whenever  the  strata  approach  to  hilly  and  disturbed 
tracts  like  the  Ural,  the  surface  of  which  has  been  much  disturbed.  In  these  strata, 
different  as  they  are  in  their  stony  features  from  their  equivalents  in  fossil  contents 
through  other  parts  of  Russia,  we  see  both  siliceous  and  calcareous  grits  assimilating 
in  aspect  to  certain  beds  of  the  Oxford  oolite  at  Brora  in  the  Highlands  of  Scotland'. 
Again,  the  conglomerate  which  appeared  strange  to  those  of  our  party  who  had 
only  observed  the  Jura  beds  of  northern  and  central  Russia,  has  also  its  analogy  to 
certain  conglomerates  and  grits,  which  in  Britain  mark  the  base  of  the  oolitic  series, 
in  tracts  where  the  vibrations  of  the  surface  have  been  intense,  and  where  coarsely 
aggregated  and  dctrital  beds  stand  in  the  place  of  the  finely  laminated  lias  shale  of 
other  portions  of  the  island 

Upper  Jurassic  Group  in  Southern  Russia. — We  have  shown  that  a  great  axis  of 
Devonian  rocks  divides  central  Russia  into  two  zones  of  very  different  lithological 
composition  (p.  53).  To  the  south  of  this  axis  there  are  no  traces  of  Jurassic  strata 
resembling  the  great  mass  of  those  we  have  described,  nor  indeed  can  any  con- 
siderable development  of  strata  of  this  age  be  observed  in  journeying  southwards, 
until  they  are  found  to  constitute,  and  under  a  very  different  mineral  aspect,  the 
rocky  crest  of  the  Crituaea.  Visited  by  one  of  us  for  a  short  time  only,  we  ne- 
cessarily leave  the  description  of  that  remarkable  peninsula  to  the  able  authors, 
M.  Dubois,  M.  Huot,  and  M.  Hommaire,  who  have  so  thoroughly  explored  it,  the 
first  of  whom  has  permitted  us  to  consign  to  our  own  map  its  chief  geological 
features,  as  well  as  those  of  the  Caucasus,  from  illustrations  prepared  by  himself. 

'  See  Gcol.  Trans.  N.  S.  vol.  iL  p.  296,  siliceous  grit  of  Braambury  HilL 

3  On  the  northern  shores  of  the  estuary  of  the  Severn,  Conybearc  and  Bnckland  were  the  first  who  made 
us  acquainted  with  lias  conglomerates,  and  Mr.  Murchison  detected  .-imilur  rocks  in  the  north-western 
Highlands  of  Scotland,  alternating  with  true  lias  limestones.  In  the  latter  situation  there  are  also  white 
grits,  which  might  very  well  be  employed  as  millstone*,  like  the  Jurassic  grits  of  Orenburg.  (Sec  GcoL 
Trans.,  2nd  Series,  vol.  i.  p.  303,  and  vol.  ii.  p.  3C1.) 
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In  fact,  the  Jurassic  rocks  of  the  Crimsea,  lying  to  the  south  of  the  granitic  and 
porphyritic  steppe,  to  which  we  have  alluded,  and  much  perforated  by  eruptive 
rocks,  belong  distinctly  to  another  mineral  region.  They  assume  the  Caucasian 
aspect  of  the  strata  of  that  epoch,  and  from  their  imbedded  masses  of  hard  and  cry- 
stalline limestone,  they  might  at  first  view  seem  to  be  referable  to  the  same  Jurassic 
limestone  which  is  spread  over  Southern  Germany,  including  the  Alps  and  Car- 
pathians, and  which  bounds  the  shores  of  the  Mediterranean  Sea, — a  series  which 
unquestionably  includes  in  descending  order  all  the  strata,  to  the  inferior  oolite  and 
lias  inclusive '. 

On  this  point,  although  we  do  not  yet  pretend  to  have  the  means  of  forming  a 
correct  decision,  we  are  bound  to  state,  that,  judging  from  the  fossils  which 
have  been  as  yet  submitted  to  him,  M.  D'Orbigny  is  of  opinion,  that  even  there,  the 
lias  does  not  form  a  part  of  the  group  as  in  the  Alps  and  Carpathians  ;  but  on  the 
contrary,  that,  differing  as  it  may  in  lithological  character,  the  Jura  of  the  Criimta 
and  the  Caucasus  represents,  like  that  of  Russia,  the  "  Terrain  Oxfordien."  He 
has  convinced  himself,  that  the  Ammonites  of  the  Crimsea,  when  not  identical, 
approach  closely  to  forms  which  are  common  near  Dignes  in  the  Lower  Alps 
and  at  the  Mont  du  Chat ;  wlulst  the  northern  species  are  evidently  those  of  a 
separate  basin,  characterized  by  the  distinct  species  to  which  we  have  before 
alluded. 

But  to  consider  the  tracts  with  which  we  are  personally  acquainted  :  the  only 
deposit  of  the  Jurassic  or  oolitic  age  hitherto  observed  between  the  Devonian  axis 
of  Voroneje  and  Orel  and  the  Sea  of  Azof  and  the  Black  Sea,  was  first  discovered 
by  Major  Blode  on  the  banks  of  the  Donetz  near  Izium.  Accompanied  by 
that  persevering  geologist,  we  were  enabled  to  satisfy  ourselves  of  the  accuracy  of 
his  observations  ;  and  although  we  sUghtly  extend  the  limits  of  the  group,  we 
admit  with  him,  that  it  occupies  a  tract  of  very  limited  dimensions.  It  is,  in 
truth,  a  minute  patch  upon  the  great  surface  of  Russia  ;  for  to  the  south  it  is  en- 
tirely cut  out  near  Bachmuth  and  Lugan,  where  the  chalk  reposes  on  Permian 
and  carboniferous  strata,  without  the  intervention  of  a  single  bed  to  represent  any 
member  of  the  Jurassic  series.  Still  the  deposit  is  geologically  important,  both 
from  its  peculiar  character  and  as  marking  a  higher  stage  in  the  series  than  any 
other  beds  of  this  epoch  in  Russia. 

1  To  murk  the  exceeding  difference  between  the  synchronous  rocks  of  the  north  and  south  of  Europe, 
M.  Von  Buch  has  graphically  distinguished  the  latter  by  the  term  "  Mediterranean  Type." 
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The  right  bank  of  the  Donetz  it  Izium  presents  steep  escarpments  which  expose 
interesting  sections  of  these  Jura  rocks,  both  at  that  town  and  at  several  localities 
above  and  below  it.  The  uniform  composition  of  these  strata  leaves  no  doubt,  that 
they  belong  to  one  and  the  same  division  of  the  scries  ;  and  they  pass  under  cre- 
taceous rocks,  of  which  we  shall  treat  in  the  next  chapter.  We  shall  not  employ 
many  words  in  describing  these  different  localities,  though  we  must  enter  sufficiently 
into  detail  to  render  apparent  the  characters  which  unite  them,  and  the  marked 
differences  which  separate  them  from  the  basins  already  described. 

Sviatagora.— In  advancing  to  the  north,  after  our  examination  of  the  great  car- 
boniferous tracts  of  the  Donetz  (p.  89  et  teq.),  the  point  at  which  we  first  observed 
any  strata  of  Jurassic  age  was  at  Sviatagora,  about  eight  versts  below  Izium.  Near 
the  celebrated  convent  of  that  place  these  beds  rise  up  very  gradually  from  beneath 
picturesque  masses  of  white  chalk  which  have  weathered  into  "  needles,"  and 
resemble  the  light  and  airy  spires  of  a  Guthic  church  '.  The  strata  which  imme- 
diately lie  beneath  the  white  chalk,  are  sandstone  and  sand,  intermixed  with  some 
courses  of  clay,  analogous  to,  but  not  identical  with,  certain  great  masses  of  grit 
which  a  little  higher  up  the  Donetz  are  invariably  inferior  to  the  white  chalk,  and 
seem,  as  we  shall  hereafter  show,  to  form  a  part  of  the  cretaceous  system.  These 
sandstones  are  of  greenish-grey  colour,  and  disintegrate  readily.  The  alternating 
clays  are  reddish  and  compact,  passing  to  shale,  in  some  parts  plastic  aud  highly 
argillaceous,  in  others  sandy.  The  white  Jurassic  limestone  which  is  surmounteu 
by  the  sands  and  sandstone,  is  in  parts  oolitic,  and  towards  its  base  pisolitic  ;  but 
the  chief  mass  is  not  so  distinguished,  and  simply  resembles  many  of  the  earthy 
white  limestones  of  La  Rochelle  in  France  and  of  Portland  in  England. 

In  the  middle  part  of  this  section  we  found  a  fragment  of  a  Terebratula  re- 
sembling T.  spinosa  and  some  indistinct  corals.  The  thickness  of  the  white  lime- 
stone at  this  spot  is  about  forty  feet,  and  the  beds  dip  at  an  angle  of  twelve  to 
fifteen  degrees  to  the  south,  whilst  the  overlying  chalk  is  rather  less  inclined  but 
in  the  same  direction. 

Kamenka. — The  second  locality  in  ascending  the  banks  of  the  Donetz,  at  which 
the  Jurassic  formation  crops  out,  is  about  three  versts  below  the  little  village  of 
Kamenka.  The  beds  are  here  less  inclined  than  at  Sviatagora,  not  exceeding  three 
or  four  degrees  in  their  dip  to  the  south.    The  brook  Kamenka,  which  flows 

'  lu  early  time*  the  cells  in  the  chalk  beneath  these  natural  spire*  were  used  as  convents  by  the  monks. 
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into  the  Donetz,  three  versts  from  the  village  of  the  same  name,  lays  bare  on  its 
banks  a  very  instructive  succession.  In  the  upper  part  are  courses  of  sub-con- 
cretionary or  brecciated  white  limestone  with  Terebratula?,  resting  upon  an  agglo- 
merate of  shells,  and  a  band  of  very  fine  oolite :  in  the  lower  are  yellowish  cal- 
careous sands,  or  rather  disintegrating  sandy  limestones,  with  ferruginous  oolite 
and  yellow  sand.  The  whole  of  these  beds  may  have  a  thickness  of  about  forty  feet. 
The  fine-grained  oolite  and  the  shelly  agglomerate  are  the  beds  most  worthy  of 
attention,  and  they  are  also  by  far  the  most  constant ;  for  we  traced  them  north- 
wards by  Izium  to  Donetzkaya  near  the  military  colony  of  Petrofskaya.  The  shelly 
beds  contain  in  great  abundance  the  Trigonia  clavellata,  a  small  Ostrca,  Nerinaa, 
Astarte,  Tcrebratula,  and  a  Turbinolia.  To  these  beds  at  Kamenka,  and  a  little 
higher  up  the  Donetz,  lower  beds  of  friable  and  soft  limestone  succeed,  reposing 
upon  ferruginous  sandstone  with  plants  and  some  lignite,  which  have  been  observed 
in  one  point  only,  and  described  by  Major  Blode.  We  did  not  sec  the  plants  in 
question,  which  ought  to  be  compared  with  the  recently  discovered  flora  of  the 
ferruginous  sandstone  of  Moscow.  Judging  from  their  position  beneath  these 
white  fossiliferous  or  Upper  Jura  limestones,  there  can  however,  we  conceive, 
exist  but  little  doubt,  that  the  lowest  beds  on  the  Donetz  are  the  equivalents  of 
the  highest  beds  at  Moscow,  or  sands  above  the  Oxford  clay.  They  are,  therefore, 
of  high  interest  in  bringing  the  Jurassic  scries  of  North  and  South  Russia  into 
geological  connection. 

The  presence  of  the  Nerina;a  and  of  a  coral  unknown  in  the  other  Jurassic 
formations  of  Russia,  the  absence  of  Bclcmnitcs  and  the  great  scarcity  of  Am- 
monites (we  shall  presently,  however,  allude  to  a  striking  species),  are  points 
which  seem  to  indicate  a  very  notable  change  in  the  distribution  of  the  fossils  of 
the  Jurassic  epoch,  so  regular  and  uniform  in  all  the  central  and  northern  parts  of 
Russia. 

Izium. — The  most  instructive  of  the  sections  on  the  Donetz  in  ascending  order 
is  certainly  that  of  Izium  ;  for,  besides  affording  a  very  complete  development  of 
the  uppermost  Jurassic  division,  it  also  clearly  shows  that  a  considerable  thickness 
of  sand  and  sandstone  (greensand)  is  there  interposed  between  the  Upper  Jura  and 
the  white  chalk.  In  this  section  the  inferior  beds  are  not  visible  beneath  the  river 
alluvia,  and  the  ascending  order  commences  with  the  fine-grained  oolite,  the  shelly 
agglomerate  with  Trigonia  clavellata,  and  a  compact  hard  limestone.  The  succession 
is  explained  in  the  accompanying  diagram.  The  uppermost  Jurassic  strata  are 
divisible,  it  will  be  observed,  into  five  beds,  each  peculiarly  characterized,  and  the 
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group  is  then  overlaid  by  green  sandstone,  sands,  &c,  which  in  their  turn  are  sur- 
mounted by  chalk.  To  the  consideration  of  the  last-mentioned  deposits  we  shall 
return  in  the  next  chapter. 


39. 

SECTION  AT  IZIU.M. 


There  is,  then,  as  we  have  shown,  the  most  perfect  agreement  between  these 
sections  in  different  parts  of  the  Donetz.  The  higher  inclination  of  the  strata 
visible  in  one  spot  near  Kamenka,  is  proved  to  be,  after  all,  a  mere  local  derange- 
ment, since  at  distances  of  ten  and  more  versts  apart,  we  observed  the  same  beds 
in  nearly  horizontal  positions.  The  persistence  of  the  shelly  agglomerates  with 
Trigonia  clavellata  and  the  fine-grained  oolite,  afford,  in  short,  as  clear  a  line  of 
geological  horizon,  though  on  a  smaller  scale,  as  the  Inoceramus  sandstone  in  the 
lower  Jurassic  division  of  other  parts  of  Russia.  We  again  detected  these  beds 
occupying  the  right  bank  of  the  river,  in  low  cliffs  from  fifteen  to  thirty  feet  high, 
at  Donetzkaya,  near  Petrofskaya,  where,  in  addition  to  the  Trigonia  clavellata  and 
Nrrina-a  elegans  (Fischer),  the  Ammonites  biplex  also  occurs :  there  is  also  present  a 
remarkable  Ammonite  of  undescribed  species,  which  M.  D'Orbigny  informs  us 
exists  in  the  coral  rag  of  France1. 

From  the  details  here  given,  and  from  the  section  which  shows  that  these  strata 
repose  upon  ferruginous  sands  with  plants,  and  arc  overlaid  by  green  sand  and 
chalk,  our  readers  can  have  no  doubt  that  the  group  which  we  are  describing,  is 
of  age  posterior  to  the  dark  Jurassic  shales  and  sands  of  the  central  and  northern 
regions.  But  can  we  refer  them  with  precision  to  any  one  known  formation  or 
subformation  of  the  oolitic  scries  of  England,  or  of  the  Jura  limestone  of  the  Con- 

1  This  Ammonite  approaches  to  the  A.  biplrz. 
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tinent  ?  Even  whilst  on  the  spot,  we  were  led  rather  to  group  them  with  the 
coral  rag  than  with  any  inferior  stratum.  We  subsequently  confirmed  this  view 
by  a  visit  to  Poland,  and  can  now  state,  that  the  rocks  of  the  Donetz  may  be 
well  compared  with  the  white  limestone  on  which  the  citadel  of  Cracow  stands. 
Forming  a  low  ridge  along  the  banks  of  the  Vistula  near  that  city,  the  upper  mass 
is  there  a  white,  compact  limestone,  about  300  feet  thick,  which,  as  it  contains 
lines  of  flint  exactly  resembling  those  of  the  English  chalk,  was  formerly  placed 
on  the  parallel  of  that  formation.  The  lower  strata  are  yellowish,  sandy,  calca- 
reous grits.  In  the  white  or  superior  beds,  Professor  Zeuschner,  with  whom  we 
recently  examined  the  rock  in  situ,  has  identified  the  following  fossils  of  the  coral 
rag,— viz.  Scyphia  clathrata  (Goldf.),  Ammonites  biplex,  A.  triplex,  A.  polyplocus,  A. 
annularis,  A.  fiexuosus,  A.  vertebralis,  Lima  proboscidea,  Terebratula  biplicata,  and 
T.  subsenilis.  The  lower  mass,  from  100  to  150  feet  thick,  contains  Pecten  Jibrosus, 
P.  lens,  P.  textorius,  P.  cimineus,  Terebratula  varians,  T.  concinna,  T.  bullata  or  glo- 
bata  (V.  Buch),  T.  perovalis,  Lima  proboscidea,  and  L.  pectinoides  ? ,  with  some 
broken  Belcmnites  and  Fucoids. 

Judging  from  these  organic  remains,  Professor  Zeuschner  correctly  places  the 
beds  which  contain  them,  in  parallel,  as  a  whole,  with  the  coral  rag.  We  may  add, 
however,  that,  in  our  opinion,  the  lowest  of  these  bands  also  truly  represents  the 
calcareous  grit  of  Oxford  and  the  Malton  oolite  of  Yorkshire,  since  it  contains 
some  of  the  most  characteristic  species  of  that  subfonnation, — a  very  remarkable 
coincidence,  when  we  consider  the  distance  which  separates  Malton  and  Oxford 
from  Cracow.  But  to  resume  and  apply  this  reasoning  to  Russia,  we  may  say,  that 
the  Polish  beds  of  Southern  Poland  serve  as  a  valuable  connecting  link  between 
England  and  Russia,  since  they  possess,  in  common  with  the  limestones  of  the 
Donetz,  the  Rame  characteristic  Ammonites  biplex,  and  we  therefore  believe,  that 
they  both  belong  to  the  same  group — the  upper  Oxford  oolite. 

Conclusion. — In  terminating  this  chapter,  we  may  repeat,  that  our  observations 
have  established  and  extended  the  view  first  taken  by  M.  Von  Buch,  from  an  in- 
spection of  the  fossils  only  ,  that  in  a  broad  zone,  extending  from  the  plains  of 
Prussia  into  the  distant  tracts  of  Russia,  all  the  Jurassic  strata  belong  to  the  Ox- 
fordian  formation  of  that  series.  We  have  further  ascertained,  that  in  Central 
Russia,  as  in  Poland,  there  exists  an  arenaceous  deposit,  with  plants  and  occa- 
sional lignite,  which  represents  the  sands  in  and  above  the  Oxford  clay ;  whilst 
in  Southern  Russia  a  small  upper  member  of  the  series  is  the  equivalent  of  the 
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white  limestone  of  Cracow  in  Poland,  and  is,  we  conceive,  of  the  exact  age  of  the 
coral  rag  and  calcareous  grit  of  England. 

Detailed  examination  of  the  fossils  derived  from  the  lowest  and  larger  forma- 
tion has  convinced  M.  D'Orbigny,  that  they  belong  to  two  stratigraphical 
divisions  first  established  by  William  Smith,  viz.  the  Kelloway  rock  and  Oxford 
clay  ;  and  judging  from  the  remains  we  laid  before  him,  he  thinks  it  possible  to 
distinguish,  with  as  much  precision  as  in  France  or  England,  the  lowest  Oxfordian 
or  Kelloway  rock,  from  the  overlying  beds  of  the  Oxford  clay.  Thus,  according 
to  M.  D'Orbigny,  the  fossils  from  Moscow,  Jelatma  on  the  Oka,  the  North  Ural 
and  the  tracts  near  Simbirsk  and  in  the  government  of  Orenburg,  contain  similar 
assemblages  of  forms,  which  he  classes  with  the  remains  of  the  Kelloway  rock  of 
England  or  the  lower  stage  of  his  "  Terrain  Oxfordien  ";  the  Ammonites  Gulielmi 
(Sow.)  and  the  A.  Fournetianus  (D'Orb.)  being  the  characteristic  fossils.  On  the 
other  hand,  M.  D'Orbigny  believes,  that  the  beds  at  Makarief  on  the  Unja,  near 
Pies  on  the  Volga,  and  at  Sar&tof,  represent  the  middle  beds  of  the  "Terrain  Ox- 
fordien," or  simply  the  Oxford  clay  of  England  ;  of  these  the  Ammonites  cordatus  is 
characteristic '. 

Adopting  itivariably  those  views  of  classification,  which  agree  with  the  dis- 
tribution of  organic  life,  we  have  never,  we  trust,  undervalued  the  importance 
of  clear  evidences  of  superposition.  Now,  in  Russia  the  facts  (as  we  have  related 
them)  are,  that  the  Jurassic  beds  which  are  in  contact  with  inferior  rocks,  are  those 
near  Pies,  Makarief  and  Moscow.  Unquestionably,  therefore,  in  a  country  void 
of  all  great  dislocations  and  with  little  variation  in  the  level  and  inclination  of  the 
strata,  such  beds  may  naturally  be  supposed  to  lie  low  in  the  Jurassic  series. 
Judging  from  the  few  fossils  we  could  collect  in  the  vicinity  of  those  junctions, 
M.  D'Orbigny  is  led  to  believe,  that  two  of  these  masses  belong  to  his  middle 
stage  of  the  "Terrain  Oxfordien,"  whilst  a  third  (that  of  Moscow)  is  on  the  par- 
allel of  his  lower  stage.  In  relation,  however,  to  the  sections  on  the  Volga  near 
Pies,  it  must  be  stated,  that  in  the  Jurassic  shale  in  contact  with  the  red  Per- 
mian rocks,  we  obtained  Belemnites  only  ;  whilst  the  other  fossils  were  gathered 
from  mouldering  slopes  and  at  intervals  along  the  river  banks,  where  no  such 
junctions  are  visible.  Among  these  fossils,  the  Gryphaa  dilatata,  as  already  said, 
was  not  unfrequcnt,  and  it  was  associated  with  Ammonites  cordatus,  Turbo  mu- 
ricatus,  &c.  Again,  in  the  Jura  beds  upon  the  Oka  (near  Jelatma),  referred  by 
•  In  England  thU  fossil  it  mindly  found  in  the  •■  clcweou.  grit." 
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M.  D'Orbigny  to  the  '*  e"tage  infeneure,"  we  find  the  same  Gryphsea,  associated 
with  different  species  of  Cephalopods,  which  are  common  in  the  Kelloway  rock  or 
lower  stage ;  and  hence  it  might  he  inferred,  that  the  beds  containing  them  must 
also  be  the  lowest  Jurassic  stratum  in  Russia.  This  however  is  not  the  case  ;  for 
the  section  at  Inkino  near  Jelatma  (p.  234)  exhibits  the  same  fossilifcrous  beds 
resting  upon  a  considerable  thickness  of  Belemnite  shale ;  and  a  similar  order  of 
superposition  is  seen  at  Moscow.  Whether,  therefore,  this  shale  be  in  contact 
with  the  red  marl  and  sand  of  Pies  or  the  carboniferous  limestone  of  Moscow,  or 
whether,  as  near  Jelatma,  the  subjacent  rocks  are  hidden  from  view,  it  is  quite 
manifest,  that  it  forms  the  lowest  Jurassic  stratum  of  Central  Russia :  and  it  is 
also  equally  certain,  that  this  lower  stratum  contains  few  fossils,  and  that  the  shells 
cited  as  types  of  the  Kelloway  rock  are  found,  both  at  Inkino  and  at  Moscow,  in 
central  or  overlying  beds. 

But  these  facts  arc  not  at  variance  with  our  general  views  of  the  identification 
of  distant  deposits ;  for  all  the  Jura  rocks  of  Central  and  Northern  Russia  put 
together,  are  not  of  greater  vertical  thickness  than  one  formation  only  of  Western 
Europe,  and  their  fossils  belong,  as  an  united  group,  to  the  Oxford  clay  and 
Kelloway  rock  of  England,  or  "  Terrain  Oxfordien  "  of  France.  We  cannot, 
it  appears  to  us,  push  the  parallel  further,  and  expect  invariably  to  find  in  Russia 
an  exact  equivalent  for  the  little  English  band  of  Kelloway  rock.  We  may,  in- 
deed, rest  satisfied  with  proving,  that  certain  strata  of  Northern  and  Central 
Russia  contain  species  which  characterize  the  Oxford  clay  and  its  sub-forma- 
tion in  England  and  France, — that  other  beds  with  plants  represent  the  sands  of 
the  calcareous  grit,  whilst  the  white  limestone  in  Southern  Russia  is  the  equivalent 
of  the  Coral  Rag. 

Without  the  knowledge  which  we  possess  of  the  country,  a  theorist,  whilst  de- 
fining more  precise  geographical  limits  than  we  can  hope  to  assign  to  the  dif- 
ferent parts  of  this  great  Jurassic  basin,  might  endeavour  to  indicate  its  littoral 
and  pelagic  deposits.  But  no  such  separation  can  be  admitted  so  long  as  we  know, 
that  hthologically  and  zoologically  the  strata  at  Jelatma  on  the  Oka,  are  •.indi- 
stinguishable from  the  very  distant  rocks  of  the  North  Ural  and  the  basin  of 
Petchora,  on  the  one  hand,  and  from  those  of  Moscow  on  the  other. 

At  the  same  time  we  are  quite  ready  to  admit  with  M.  D'Orbigny,  that  the  fos- 
sils from  Makarief,  Pies  and  Saratof  have  generally  the  aspect  of  the  Oxford  clay, 
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and  that  those  of  Moscow,  Jclatma,  North  Ural,  Simbirsk  and  Orenburg,  present 
the  *'  facics"  of  the  Kelloway  rock. 

The  extension  of  this  one  member  of  the  oolitic  series  from  the  plains  of 
Prussia  to  the  frontiers  of  Asia,  is  not  less  remarkable,  as  evidence  of  the  wide 
operation  of  the  same  general  causes  in  ancient  epochs,  than  as  demonstrating  the 
great  "  hiatus"  of  formations  which  is  shown  to  exist  between  the  Palaeozoic 
rocks  and  the  Jurassic  deposits  ;  there  being  in  these  countries  an  entire  absence 
of  the  Trias,  properly  so  called,  and  also  of  the  Lias  and  inferior  oolite.  This 
omission  of  formations,  so  important  in  Western  Europe,  and  there  indicating  so 
long  a  lapse  of  time,  might  lead  us  to  presume,  that  the  bottoms  of  the  ancient 
seas  had,  to  a  great  extent,  been  raised  above  the  influence  of  the  waters,  during 
the  periods  which  passed  whilst  these  deposits  were  forming  in  other  parts  of  the 
world,  and  that  they  were  not  again  submerged  until  the  period  of  the  middle 
oolite.  We  might  perhaps  explain  the  absence  of  so  much  inorganic  matter  and 
so  many  animal  remains,  by  supposing,  that  the  tracts  thus  distinguished  had 
been  submerged  to  vast  depths,  and  placed  beyond  the  reach  of  any  sedimentary 
influence.  But  whatever  theory  we  adopt,  it  is  evident  that  such  uprisings  or 
depressions  took  place  equably  over  a  very  wide  area ;  for  in  the  region  where 
they  occur,  no  sort  of  eruptive  agency  has  ever  been  in  play.  The  operation, 
therefore,  was  probably  one  of  general  intumescence  at  one  rera,  and  of  subsidence 
at  another,  without  the  production  of  any  of  those  great  fissures  and  dislocations 
so  common  throughout  countries  affected  by  plutonic  outburst?. 

But,  putting  aside  speculation  as  to  the  cause  of  this  suppression  of  the  interme- 
diate deposits,  and  looking  only  to  the  actual  geological  succession,  is  our  wonder 
to  cease,  we  may  ask,  with  the  announcement,  that  these  Oxfordian  strata  extend 
from  the  plains  of  Prussia  to  the  Icy  Sea  of  the  Samoyedes,  and  to  the  Siberian  or 
Asiatic  flank  of  the  Ural  ?  Certainly  not,  for  we  have  ascertained  that  they  are 
much  more  widely  diffused.  When  we  first  saw  the  fossils  of  this  grand  Russian 
deposit,  we  were  struck  by  their  resemblance  to  forms  collected  by  English 
travellers  in  the  Himalaya  chain,  a  series  of  which  was  presented  to  one  of  us ' 
a  few  years  ago  by  Lady  Sarah  Amherst  *,  and  found  by  herself  upon  the  spot. 

'  Mr.  Murchison.  The  black  Ammonites  collected  in  the  Himalaya  arc  used  as  charm*  by  the  Hindoo 
Fakir». 

'  Now  Lady  Sarah  William*. 
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Our  surmise  has  been  confirmed  by  M.  AJcide  D'Orbigny,  who,  having  examined 
the  Himalayan  fossils  of  this  age  which  we  have  submitted  to  him ',  acquaints 
us,  that  the  most  common  of  the  Hindoo  Belemnites  is  identical  with  the  very 
common  Russian  species  Belemnites  absolutus  (Fischer)  ;  whilst  among  the  Ammo- 
nites are  the  A.  interruptus  (Schloth.)  and  the  A.  triplex  (Sow.),  which  in  France 
and  Germany  are  highly  characteristic  of  the  Oxford  clay  !  We  are  not  yet  suffi- 
ciently acquainted  with  the  details  of  East  Indian  geology  to  be  able  distinctly  to 
assert,  whether,  as  in  Russia,  the  "  Terrain  Oxfordien  "  there  prevails  to  the  ex- 
clusion of  other  members  of  the  oolitic  series ;  but  the  fact  is  very  remarkable, 
that  from  whatever  locality  of  Northern  or  Southern  India  fossils  of  this  age  have 
hitherto  been  brought  home,  they  all  have  the  "  facies  Oxoniensis."  Thus  in  the 
Runn  of  Cutch  and  the  adjacent  lands  at  the  mouth  of  the  Indus,  English  geolo- 
gists have  already  shown,  that  Grypheta  dilatata  is  associated  with  fossils  very 
similar  to,  if  not  identical  with,  the  Ammonites  and  Trigoniaj  of  the  Oxford  for- 
mation3. The  same  inference  has,  indeed,  been  drawn  from  similar  fossils  collected 
in  Southern  Africa,  on  the  Orange  river,  considerably  <o  the  north  of  the  Cape 
of  Good  Hope3. 

So  far,  then,  we  are  assured  by  the  evidence  of  organic  remains,  that  the  Ox- 
fordian  strata  occur  in  other  quarters  of  the  globe  ;  but  how  are  they  there  distri- 
buted ?  Do  they  occur  in  great  continuous  zones  or  isolated  patches,  and  are  they, 
as  in  Russia,  the  sole  representatives  of  all  the  oolitic  series  ?  Where,  again,  are 
their  eastern  limits  in  Asia  ?  may  they  not  range  from  the  Himalaya  mountains, 
through  Nepaul4,  even  into  the  Birman  and  Chinese  empires  ? 

Though  future  explorers  alone  can  answer  these  queries,  our  readers  will,  in  the 

1  These  Himalayan  fossils  included  the  collection  of  Lady  Sarah  Amherst  and  one  made  by  Major 
D'Arcy,  and  presented  by  him  to  Dr.  Buckland. 

*  See  the  memoir  of  Captain  Grant,  Geol,  Trans.,  vol.  v.  p.  289,  and  the  notice  by  Colonel  Bykes  of 
collections  made  by  Captain  W.  Smcc  and  Colonel  Pottinger,  ibid.  p.  715.  'IV  oolitic  fossils  of  the  Runn 
of  Cutch,  and  also  of  the  desert  to  the  north-east  (Balmecr,  Joonah.  Ac),  have  quite  the  character  of  the 
middle  oolite.    Sec  figure  of  Grypfuta  dilatata,  Geol.  Trans,  vol.  v.  p.  719. 

'  Silurian  System,  p.  583.    These  African  species  were  collected  by  Dr.  Smith. 

♦  The  late  General  Hardwick,  of  the  East  India  Company's  service,  brought  home,  together  with  hi» 
splendid  collection  of  natural  history,  certain  fossils  from  NepauL  Among  these  were  three  species  of 
Ammonite,  named  and  figured  but  not  described  by  Mr.  J.  E.  Gray ;  viz.  A.  Nepaulensit,  A.  Wallickii, 
and  A.  tubstriatus,  all  evidently  forms  of  the  oolitic  aeries,  but  whether  distinct  from  those  of  the  Lias 
cannot  well  be  determined.  (See  Hardwick  and  Gray's  Illustrations  of  Indian  Zoology.  Fol.  vol.  i.  lul 
plate.) 
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mean  time,  we  trust,  be  satisfied  that  we  have  proved,  in  no  ambiguous  terms, 
the  vast  range  of  this  Oxford  deposit.  Our  own  survey  has,  indeed,  shown,  that 
it  is  one  of  the  most  important  members  of  the  secondary  rocks  of  Eastern  Eu- 
rope ;  for  whilst  in  Great  Britain  it  constitutes  a  small  portion  only  of  the  oolites, 
not  there  occupying  above  a  fifth  part  of  the  space  covered  by  that  series,  in 
Russia  it  spreads  over  considerable  tracts,  to  the  entire  exclusion  of  the  Great 
and  Inferior  Oolite  and  Lias  beneath,  as  well  as  of  the  Kimmeridge  clay  and  Port- 
land rock  above  it.  In  a  word,  the  Oxford  formation  of  Russia  is  the  only  deposit 
which  there  exists,  between  the  palxozoic  rocks  upon  which  it  reposes,  and  the 
cretaceous  strata  by  which  it  is  succeeded. 


P.S.  As  this  sheet  was  passing  finally  from  our  bands  to  the  press,  we  received  a  letter  from  our  zealous 
friend  Mr.  Frcars  of  Moscow,  which  announces,  that  M.  Jasikoff  of  Simbirsk,  to  whose  observations 
on  the  Cretaceous  and  Tertiary  rocks  of  that  government  we  shall  presently  refer,  has  discovered  in  the 
Jurassic  strata  a  few  bones  of  Ichthyosauri.  These  remains  occur  in  black  calcareo-bituminous  schists, 
which  seem  to  pass  on  the  one  hand  into  a  limestone,  and  on  the  other  into  greenish  sands.  These  beds 
near  Simbirsk  arc,  however,  of  the  same  age  as  those  of  Moscow  ;  for  they  contain  some  of  the  same 
species  of  fossils.  Among  others  which  will  be  noticed  in  Part  III.  M.  Jasikoff  cites  Gryphtta  dilatata, 
Inocrramut  dubiu$,  I.  Itcvigatui.  with  Avicula.  Tcrebratula,  Orbicula,  six  species  of  Ammonites,  two  species 
of  Belemnites,  he. 

In  reference  to  whut  hut  been  «aid  of  the  sands  witfi  plants  which  overlie  the  fossiliferous  shale  of  the 
Moskwa,  p.  240  el  teq.,  it  ought  to  be  stated,  that  the  cast  of  the  Lucina  which  is  mentioned  as  occur- 
ring in  these  sands  and  grits,  was  found  in  the  overlying  beds  south  of  Miatchkova,  no  such  shell  having 
ever  been  detected  at  Tatarova.  We  see  no  reason,  however,  to  doubt  our  conclusions,  that  all  these 
sandstones  in  the  Government  of  Moscow  are  of  the  same  age,  and  belong  to  the  upper  part  of  the  Oxford 
formation.  Whether  the  beds  at  Troitskoi  really  constitute,  as  wc  suspect,  the  uppermost  limits  of  this 
.'tries  in  the  Government  of  Moscow,  must  be  decided  hereafter. 
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CRETACEOUS  SYSTEM. 

I.  Prefatory  Sketch  of  the  Variations  in  Mineral  Character  of  the  Cretaceous  System 
of  Northern  Europe  in  its  range  from  West  to  East. — Succession  in  England, 
France,  Germany,  Poland  and  the  Carpathians. — II.  Cretaceous  Rocks  of  Russia 
in  the  drainage  of  the  Donetz  and  the  Don. — Thinning  out  of  the  white  Chalk 
in  the  Governments  of  Kharkof,  Kursk,  8fc. — Eastern  mass  of  Chalk  on  the  River 
Ural. — Cretaceous  Rocks  of  the  Lower  Volga  extending  from  Simbirsk  to  the 
Southern  Steppes. — Peculiar  mineral  development  of  the  Cretaceous  system  of 
Russia  and  its  apparent  Passage  into  the  Tertiary  Rocks.— Country  between  the 
Volga  and  the  Don.— Conclusions. 

DEVOTING  our  chief  attention  to  the  Paleozoic  rocks  of  the  northern  and 
central  districts  of  Russia,  we  had  no  great  difficulty  in  mastering  the  relations 
of  the  Jurassic  or  next  succeeding  deposits,  which  exhibit  well-defined  characters 
and  occupy  limited  spaces.  A  much  shorter  period,  however,  was  spent  by  us  in 
the  vast  region  of  the  south,  which,  with  the  exception  of  the  granitic  steppe,  a 
small  patch  of  Palaeozoic  rocks  and  the  carboniferous  tract  of  the  Donetz,  is  ex- 
clusively occupied  by  cretaceous  and  tertiary  deposits.  Under  these  circumstances 
it  is  evident,  that  we  must  be  unprepared  accurately  to  define  the  boundaries  and 
relations  of  the  superior  systems.  In  the  following  pages,  indeed,  we  shall  give 
other  cogent  reasons,  which  prevent  us  from  separating  the  Cretaceous  from  the 
Tertiary  rocks,  with  the  same  decision  as  in  England  and  France.  To  render  this 
point  more  intelligible  to  our  readers,  and  also  to  convey  to  them  a  clear  view  of 
the  general  range  and  features  of  the  cretaceous  deposits  of  Northern  Europe,  we 
shall  commence  this  chapter  with  a  sketch  of  the  changes  which  they  undergo,  in 
passing  from  the  British  Isles  on  the  West,  to  Russia  on  the  East. 

In  some  parts  of  England  the  oolitic  series  is  well  known  to  be  separated  from 
the  Cretaceous  rocks,  by  a  considerable  estuary  and  freshwater  formation  called  the 
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Wealden.  This  deposit,  feebly  represented  in  France,  but  clearly  recognizable  in 
Hanover',  is  not  traceable  throughout  Eastern  Germany  ;  and  has  no  representa- 
tive in  Poland  or  Russia.  In  reference  to  our  subject,  therefore,  it  is  unnecessary 
to  enter  upon  the  discussion  which  at  present  occupies  geologists,  as  to  the  precise 
marine  equivalents  of  these  estuary  and  freshwater  beds  in  other  parts  of  the  Eu- 
ropean basin.  The  Wealden  group  of  the  British  Isles  is  surmounted  by  a  thick 
Cretaceous  system,  divided,  in  ascending  order,  into  the  following  formations: 
— 1.  Lower  Greensand.  2.  Gault.  a.  Upper  Greensand  ;  and  4.  Chalk.  As  the 
lowermost  of  these  masses,  of  considerable  dimensions  and  of  varied  structure 
has  been  recently  found  to  contain  in  England  many  fossils  characteristic  of  the 
"  Terrain  Ncocomien  "  of  Swiss  and  French  authors,  it  is  clear  that  the  latter 
formation,  which  extends  through  the  south  of  France,  is  simply  a  largely  developed 
inferior  member  of  the  Cretaceous  system,  under  a  certain  mineral  type,  and  with 
some  peculiar  fossils.  With  this  deposit  we  have,  however,  a  little  more  concern 
than  with  the  Wealden,  for  although  its  lower  and  peculiar  part  does  not,  as  far  as 
we  know,  exist  in  Eastern  Germany  or  Poland,  it  appears  in  the  Crima;a  and 
southern  limits  of  Russia*.  But  putting  aside  the  lowest  greensand  of  English 
geologists,  which  with  its  continental  equivalent  the  Neocomian  must  be  consi- 
dered the  true  base  of  the  Cretaceous  system,  it  may  be  stated,  that  even  within 
the  kiugdom  of  France  it  has  been  ascertained,  that  the  cretaceous  subdivisions  in 
the  south  of  that  country  are  essentially  distinct  from  those  of  the  north.  In  the 
latter,  as  in  England,  the  white  chalk  is  underlaid  by  bands  which  respectively 
represent  the  Upper  Greensand  and  Gault,  with  some  development  of  a  Lower 
Greensand  ;  whilst  in  the  southern  provinces  the  last-mentioned  deposit,  contain- 
ing  much  calcareous  matter,  is  at  once  surmounted  by  white  limestone,  which 
passes  under  tufaccous  marlstone,  the  whole  series  terminating  upwards  in  yel- 
lowish-white and  gray  chalk.  And  yet,  notwithstanding  this  great  discrepancy  in 
1  Sec  Kocmcr'a  Vcrstciuerungen  des  N.  Deutsch.  Oolith.  Geb.  1836. 

1  It  i»  right  to  observe,  that  some  Neocomian  shells,  similar  to  those  which  occur  in  the  lowest  beds  of 
the  greensand  of  the  Isle  of  Wight,  have  been  found  near  Kielavodsk,  at  the  northern  foot  of  the  Cau- 
casus. We  state  this  on  the  authority  of  our  colleague  Count  Keyserling,  with  whom  we  examined 
the  coast-section  at  Athcrfield  in  the  Isle  of  Wight  in  the  spring  of  1642,  and  thence  suggested  that  it 
would  prove  to  be  the  equivalent  of  the  Neocomian  strata  of  foreign  geologists.  (See  Proc.  Gcol.  Soc., 
vol.  iv.  p.  1 12,  and  the  memoirs  of  Mr.  Austen  and  Dr.  Fitton,  Proc.  Gcol.  Soc.  vol.  iv.  pp.  170  and  198.) 
M.  Dubois  dc  Montpereux  had  previously  ascertained  the  presence  of  Neocomian  strata  in  the  C'riuiwa. 
His  detailed  sections  of  the  whole  cretaceous  series,  as  exhibited  in  the  cliffs  of  this  country,  arc  most 
instructive.    (See  Voyage  au  Caucase,  &c,  Fifth  Scr.  pi.  10.  f.  13.) 
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detailed  mineral  succession,  the  system,  as  a  whole,  in  France  is  characterized 
throughout  by  certain  fossils,  some  of  which  have  a  great  vertical  range  when  fol- 
lowed from  one  part  of  that  country  to  another1. 

With  a  strong  general  analogy,  if  not  identity  as  a  geological  group,  derived 
from  stratigraphical  and  zoological  evidences,  the  Cretaceous  system  of  Germany 
differs,  in  the  lithological  arrangement  of  its  parts,  both  from  that  of  England  and 
of  France.  In  England,  as  already  stated,  the  upper  half  is  calcareous,  the  lower 
arenaceous  and  argillaceous  ;  and  if  in  the  North  of  France  the  same  general  suc- 
cession may  be  said  to  exist,  the  South  presents,  as  just  mentioned,  a  group  more 
or  less  calcareous  throughout.  In  Central  and  Eastern  Germany,  on  the  contrary, 
the  whole  system  is  much  more  siliceous,  calcareous  matter  being  very  sparingly 
distributed.  To  that  country,  therefore,  we  now  invite  a  little  preliminary  atten- 
tion, seeing  that  it  is  intermediate  between  the  best  known  western  types  and  the 
chalk  of  Russia. 

In  Central  and  Eastern  Germany,  then,  the  upper  part  only,  as  we  believe,  of  the 
English  lower  greensand,  is  well  represented  by  the  Quader  Sandstein,  which  con- 
stituting rocks  of  picturesque  forms  on  the  northern  flank  of  the  Hartz  and  in 
Saxony,  spreads  over  a  wide  area  in  Bohemia,  Silesia  and  Moravia,  where  with 
Alcyonia  and  some  fossils  of  the  west,  it  contains  many  new  species  of  animal 
remains,  some  of  which  have  been  published,  and  also  a  copious  Flora*. 

In  Saxony  the  "  Lower  Quader  "  is  a  light-coloured  siliceous  sandstone,  with 
occasional  green  grains  and  spots  of  black  oxide  of  iron.  The  next  superior  band, 
or  "  Lower  PlSner-kalk,"  is  a  marly  grit,  sometimes  a  chert,  at  others  a  conglome- 
rate, and  even  a  white,  incoherent  and  ferruginous  sand.  The  latter  rock  contains 
a  few  peculiar  fossils,  and  some  which  in  Britain  have  been  found  only  in  the  white 
chalk,  such  as  Hippurites,  sharks'  teeth  and  palates  of  fishes,  with  Terebratula 
gallina,  T.  ovoides,  &c.  The  next,  or  third  group,  ascending,  termed  the  "  Middle 
Planer-kalk,"  varies  from  a  white  and  ferruginous  sandstone  containing  some  green 
grains,  to  a  highly  calcareous  grit,  in  which  the  well-known  fossils  Inoceramus  con- 

'  See  D'Archiac,  Etude*  tut  la  Formation  Cretacee,  1844  ;  also  the  instructive  description*  of  M.  Du- 
frenoy,  Deecript.  de  la  Carte  Geol.  de  France,  and  La  Palcontologie  Franeni»e  of  D'Orbiguy. 

'  See  the  G«ta  von  Sachsen,  by  Dr.  Geinite ;  also  the  memoir  of  M.  GSppcrt  on  certain  plants.  Another 
work  i*  preparing  on  the  deposits  of  this  age  in  Moravia,  by  Professor  Glocker  of  Dreslau,  in  which  many 
new  forms  of  plants  are  figured,  llie  fossil  contents  of  the  cretaceous  rocks  of  Bohemia  are  said  to  exceed 
500  species,  part  of  which  have  been  made  known  by  Dr.  Keusa  (Kreide-gebilde  des  Wesdicben-Bdhmens, 
Prag.  1844).  It  is  not  our  province  here  to  allude  to  the  Northern  German  types  described  by  Romcr. 
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centricus  and  Ostrea  vesiculari*  are  most  abundant.  The  fourth  division,  the  "  Upper 
Planer,"  is  a  dull  gray,  sandy,  calcareous  rock,  containing  sometimes  as  much  as 
75  per  cent,  of  carbonate  of  lime.  This  band  is  peculiarly  characterized  by  Hamites 
and  Scaphites  with  Terehratula  cornea,  T.  Mantellii,  certain  large  Inocerami  common 
in  the  chalk  of  England,  numerous  fishes;  and  altogether  160  species,  at  least, 
have  been  collected  from  it  in  Saxony  alone,  of  which  the  Spondylus  spinostu  (P/a- 
giostoma,  Sow.)  is  perhaps  the  most  abundant  of  the  forms  well  known  in  the  chalk 
of  other  countries.  Lastly,  the  fifth  or  highest  division,  termed  the  "  Uppermost 
Quader,"  is  a  siliceous  building-stone,  often  occupying  the  table-land  of  lofty  hills, 
which  containing  very  little  calcareous  matter,  has  not  afforded  many  fossils,  though 
among  them  are  Hamites  which  distinctly  connect  it  with  the  underlying  band  ; 
and  others,  such  as  Pecten  asper  and  Lima  multicostata  (Geinitz),  which  some  ob- 
servers might  consider  to  be  characteristic  of  the  greensand  below  the  chalk. 

Geologists  can  scarcely  hear  of  this  Saxon  succession '  and  compare  it  with  that 
so  lucidly  pointed  out  by  Fitton  and  other  English  authors*,  without  perceiving  that 
whilst  the  group  of  organic  remains  of  both  countries  is  on  the  whole  the  same, 
the  detailed  lithological  order  in  which  the  beds  succeed  each  other,  and  the  fossils 
by  which  they  are  distinguished,  are  essentially  different. 

In  Saxony  and  the  surrounding  tracts  of  Germany,  where  there  is  no  true  chalk, 
we  see  several  species  running  through  the  whole  series.  The  Pecten  5-costatus3, 
for  example,  is  found  in  every  one  of  the  five  German  subdivisions,  and  the  Inoce- 
ramus  Mytiloidet  of  the  lower  chalk  (never  yet  seen  in  the  English  greensands), 
occurs  in  the  lowest  and  one  of  the  highest  of  the  Saxon  beds.  Valuable,  therefore, 

1  This  succession  la  given  on  the  authority  of  Dr.  Geinitz  of  Dresden,  who  has  just  added  to  his  former  . 
publications  an  interesting  description,  with  figures,  of  the  fossils  of  certain  cretaceous  rocks  upon  the 
frontiers  of  Saxony.  Bohemia  and  Silesia,  which  were  recently  traversed  by  Mr.  Murchison  (Ilcuscheur- 
gebirge  near  GlaU.  and  Kicslingwalda  near  I  {abelschwerdt) .  In  his  list  are  enumerated  many  species  well 
known  in  England,  as  characteristic  of  the  lower  greensand  series,  among  which  are  Trigonia  aU/ormix, 
Sow.,  Pecten  quaJricoitatm,  ib.,  Cardinal  Hillanum,  ib.,  Venn  /aba,  ib.,  Terebratula  sella,  ib.,  Cucvl/a-a 
glabra,  ib.,  Littorim  conica,  ib.,  Turrilella  gramulata,  ib.,  Ottrea  maeroptera.  ib.,  &c,  &c.  Others,  from  the 
same  localities,  and  which  do  not  there  appear  to  lie  in  higher  positions,  are,  on  the  contrary,  in  England, 
characteristic  of  the  chalk  only ;  viz.  Terebralula  itriatula.  Mantel),  T.  octoplicata.  Sow.,  T.  Mantel- 
lianea.  ib.,  T.  pisum.  ib.,  T.  ovoidet,  ib.,  with  Hamites  tlltplicut,  Mantell,  several  fishes,  &c,  &c. 

i  Sec  Fitton's  memoir  on  the  strata  below  the  chalk,  Geol.  Trans.  voL  iv.  p.  103 ;  and  Mantell's 
Geology  of  the  South-east  of  England. 

1  M.  D'Archiac  also  shows  that  the  Pecten  5-cottatus  ranges  through  all  his  four  divisions  of  the  creta- 
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as  species  are  in  designating  the  limits  of  sub-groups  within  given  distances,  the 
distribution  of  the  fossils  of  the  Cretaceous  system  of  France  and  Germany  shows, 
that  forms  which  some  geologists  might  consider  as  characterizing  one  division 
only  of  a  system,  there  pervade  all  its  members.  We  have  alluded  to  the  divisions 
of  the  Cretaceous  system  of  the  east  of  Germany,  in  order  to  lead  our  readers  to 
admit,  that  as  in  a  country  not  midway  between  the  shores  of  Britain  and  some 
of  the  tracts  to  which  we  are  about  to  allude,  there  arc  already  such  striking  de- 
viations from  the  local  types  with  which  they  are  familiar,  so  might  we,  when 
transported  to  the  eastern  extremities  of  Europe,  expect  to  find  still  less  agreement 
in  character  between  more  widely-separated  cretaceous  deposits.  Nevertheless  all 
observers  will  not  fail  to  be  struck  with  the  fact,  that  however  the  detailed  litholo- 
gical  and  zoological  succession  of  the  subfonnations  vary,  the  pure  white  chalk  re- 
appears in  Russia  •with  exactly  the  same  aspect  and  composition  as  in  their  own 
countries,  associated  with  certain  greensands ;  whilst  the  cretaceous  series,  as  a 
whole,  is  eminently  marked  by  the  same  group  of  organic  remains. 

If  our  observations  had  been  adequate,  we  should  have  conducted  our  readers, 
step  by  step,  from  the  Silesian  and  Saxon  deposits  to  which  we  have  briefly  alluded, 
through  Poland  into  Volhynia  and  Podolia,  those  western  governments  of  Russia  in 
which  cretaceous  rocks  occur.  Not  having,  however,  personally  examined  a  great 
portion  of  that  area,  we  must  dismiss  this  subject  in  a  few  paragraphs,  relating  to 
tracts  with  which  we  have  so  slight  an  acquaintance,  and  then  proceed  to  describe 
those  parts  of  Russia  in  which  we  made  more  accurate  observations'. 

Covering  portions  of  the  south  of  Poland,  the  cretaceous  rocks  extend  in  great 
force  into  Volhynia,  and  are  extensively  exposed  on  the  banks  of  the  Vistula  and 
its  tributaries.  Thence  they  range  by  Lublin  into  Podolia,  where  they  surmount 
the  Palaeozoic  rocks  (Devonian?  and  Silurian)  on  the  banks  of  the  Dniester  (en- 
virons of  Kamenetz-Podolsk,  and  Moghilev). 

In  that  tract  of  Poland  which  lies  to  the  south  of  Kielce,  and  between  that  town 
and  Cracow,  the  cretaceous  rocks  have  a  very  uniform  aspect,  and  consist  of  thin- 

1  In  the  Royal  collections  at  Warsaw  wc  noticed  the  small  Exogyra  calcroia  in  a  greensand  from 
Dcnischin  near  Marionufka  on  the  Dniester ;  Grypktta  annulata  and  Nautili  from  KasbUch  on  the  Vis- 
tula |  large  Inocerami  with  Scaphites  and  Echini  in  flint*,  from  gray  chalk  in  a  tract  extending  from  Khar- 
kuf  by  NWmiasto  to  Kortchin,  where  those  fossils  are  associated  with  sulphur  and  gypsum  ;  Belemnitcs 
from  Udritza  near  Yamstock  ;  Alcyonia  in  large  branches  from  Lublin  and  the  country  extending  to 
Zamosch  and  Kasmisch.  At  the  latter  place  the  zoophyte,  Choanites  of  Mantell,  occurs,  and  will  be 
pointed  out  as  re-appearing  at  Khwalynsk  on  the  Volga,  and  at  Kursk  in  the  heart  of  Russia. 
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bedded,  dingy  white,  and  cream-coloured  marlstones,  occasionally  very  like  the 
more  chalky  beds  of  the  upper  greensand,  or  "  craic  chloride. "  They  there 
contaia  Inoccrami  with  Spatangus  cor-anguinum,  Terebratula  carnea,  and  other  well- 
known  chalk  fossils  ;  and  the  basin,  both  at  its  northern  and  southern  extremities, 
rests  upon  Jurassic  strata.  The  rock,  for  example,  on  which  the  citadel  of  Cracow 
stands,  which,  from  its  white  colour  and  imbedded  flints,  was  long  considered  to  be 
chalk,  is,  as  we  have  before  mentioned,  the  southernmost  of  these  Jurassic 
zones. 

But  as  we  have  not  had  leisure  to  decipher  the  relative  age  of  the  different 
members  of  the  Cretaceous  system  of  Poland,  we  must  refer  to  the  works  on  that 
subject  by  M.  Pusch,  and  also  to  the  recent  labours  of  Professor  Zeuschner,  who 
has  thrown  new  light  upon  the  fossil  contents  of  the  secondary  formations  of  his 
native  country.  There  is,  however,  one  great  geological  feature  which  cannot  here 
be  passed  over  in  silence,  viz.  the  widely-diffused  sandstone  and  shale  which  occupies 
so  prominent  a  space  upon  our  Map  on  the  northern  flank  of  the  Carpathian  chain, 
and  is  coloured  by  us  as  cretaceous.  In  so  classifying  the  Carpathian  sandstone, 
or  "  Gres  des  Carpathes,"  we  adopt  the  conclusions  of  the  leader  of  German  geo- 
logists, M.  Von  Buch,  and  of  our  precursor  M.  Boue\  and  are  necessarily  at  variance 
with  the  newly-published  opinion  of  M.  Zeuschner,  who  accompanied  one  of  us  in 
a  traverse  across  these  outer  ridges  or  "  contrc-forts  "  of  the  Tatra  Mountains.  In 
stating  our  own  view,  we  must  at  the  same  time  admit  that,  as  a  whole,  the  "  Gres 
des  Carpathes  "  is  very  different  in  mineral  composition  from  the  Quader  Sandstein 
of  the  adjacent  low  countries  of  Silesia,  Moravia,  &c.  ;  and  that,  as  yet,  it  has  offered 
no  distinct  organic  remains  beyond  those  fucoids  which  have  been  considered  as 
marking  the  lower  stage  of  the  Cretaceous  system.  Wc  adhere,  however,  to  our 
opinion  for  this  plain  reason  ;  that  in  our  transverse  section  to  the  Tatra,  we 
found  the  lowest  beds  of  this  Carpathian  sandstone  composed  of  sand  and  dark 
shale,  reposing  upon  a  limestone'  loaded  with  Nummulites,  Pectens,  Echini,  &c, 
which  rock  is  clearly  incumbent  upon  the  Jura  or  Alpine  limestone, — with  its  cha- 
racteristic fossils,  and  including  in  its  lower  beds  some  well  known  Lias  species. 
In  fact,  we  found  the  Tatra  chain  and  its  dependencies  upon  the  north  to  be  a 
repetition,  as  nearly  as  possible  in  all  its  parts,  of  the  Austrian  Alps,  with  the  sur- 
vey of  which  one  of  us  was  formerly  much  occupied.    The  sandstone  and  shale  of 

1  These  Nummulites  are  distinct  in  speciic  characters  from  those  occurring  in  rocks,  which  in  the  Pyre- 
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the  sub-Alpine  eminences  near  Vienna  (the  Flysch  of  Keferstein  and  Studer),  which 
are  interposed  between  massive  and  lofty  mountains  of  limestone  (Alpen  or  Jura 
Kalk),  and  the  tertiary  accumulations  of  the  plains,  are  in  fact  undistinguishable 
from  the  "  Gres  des  Carpathes"  both  in  structure  and  position,  and  in  the  fucoids 
which  they  both  contain1. 

Whatever  may  be  the  exact  equivalent  of  the  "  Gres  des  Carpathes,"  there  can, 
however,  be  no  doubt  that  to  the  north  and  north-east  of  that  peculiar  formation, 
there  exists  an  euormous  development  of  true  cretaceous  deposits,  including  much 
white  chalk.  For  the  account  of  these  beds  in  Podolia  and  on  the  Dniester,  we 
refer  to  the  writings  of  Eichwald,  Dubois,  Blode  and  others,  and  we  now  at  once 
transport  our  readers  to  similar  rocks  in  those  regions  of  Southern  Russia,  where 
we  have  personally  examined  them. 

Chalk  of  the  Donetz,  or  Country  of  the  Don  Cossacks. — One  of  the  finest  displays 
of  white  chalk  we  saw  in  Russia,  occurs  in  the  southern  steppes  of  the  Don  Cos- 
sacks, on  the  right  bank  of  the  river  Donetz,  which  there  flows  for  some  distance 
in  denudations  of  this  rock.  On  the  right  bank  of  that  stream,  to  the  south  of 
the  Lugan  iron-works,  the  white  chalk  occupies  basins  or  undulations,  which,  as 
already  explained  (p.  108),  are  occasionally  separated  from  each  other  by  protruding 
masses  of  highly  inclined  carboniferous  strata.  To  show  the  very  great  thickness 
of  the  white  chalk  in  parts  of  this  region,  we  may  state,  that  at  the  period  of  our 

'  Io  justice  to  our  friend  M.  Zeuschner.  it  should  be  stated,  that  he  has  been  led  to  group  the  "  GreV 
des  Carpathes  "  with  the  Jurassic  series,  because  he  observed  in  it  what  he  supposed  to  be  an  intercala- 
tion of  rocks  containing  Jura  fossils.  See  section  in  a  work,  written  in  the  Polish  language,  "  Rzut 
Oka  na  budowe  Geologicznu  Tatrow  przcz  L.  Zejsznera.  Warszawa,  1842."  But  we  examined  the 
very  sections  which  led  him  to  adopt  this  view,  and  cannot  a^ree  with  him.  We  believe  that  the  appear- 
ance of  limestone  with  Jurassic  fossils  (inferior  oolite,  &c),  forming  part  of  the  series  of  the  Carpathian 
sandstone  at  Zaflary,  is  simply  due  to  an  upcast,  upon  a  line  of  eruption  parallel  to  the  granitic  axis  of  the 
Tatra,  by  which  the  lower  Jurassic  strata  have  been  forced  up  or  wedged  in  amidst  these  sandy  cretaceous 
formations,  which,  according  to  our  view,  are  thrown  off  both  to  the  south  and  north.  This  is  indeed 
proved  by  the  rise  en  matte,  as  above  stated,  of  the  Jurassic  group  of  the  great  Tatra  from  beneath  these 
tame  sandstones.  An  Aptychus  ?.  Ammonite,  and  Peeten  have,  it  is  true,  been  found  in  a  portion  of  an 
outer  zone  of  rock,  very  distant  from  the  Carpathian  mountains,  and  about  one  poet  south  of  Cracow, 
which  is  referred  by  M.  Zeuschner  to  the  same  sandstone  :  but  the  relations  of  the  strata  are  there 
much  too  obscure  to  enable  us,  as  yet,  to  draw  any  rational  conclusions  from  them.  Until  the  detailed 
relations  of  the  undulating  region,  extending  far  from  the  flanks  of  the  Carpathians,  are  better  worked 
out,  and  all  its  organic  remains  made  known  (a  task  which  we  trust  M.  Zeuschner  will  accomplish),  it 
would  obviously  be  unfair  to  express  any  opinion  or  decision  concerning  this  tract,  although  the  evidence 
is  decisive  at  Zaflary  and  on  the  north  flank  of  the  Tatra. 
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visit  (1841)  Artesian  sinkings  had  been  made  at  Lugan  to  a  depth  of  630  feet  with- 
out  any  indication  of  a  change  of  rock. 

At  Uspensk  in  the  same  district,  where  the  chalk  lies  in  hollows  of  the  car- 
boniferous strata,  we  found  Inoceramus  crista  galli,  I.  (Catillus)  Cuvieri,  Lima  semisul- 
cata,  Ostrea  reticularis ,  Belemnites  mucronatus,  &c.  &c.  Courses  of  flint,  of  white, 
gray,  resinous  and  black  colours,  are  there  numerous.  The  whole  of  this  creta- 
ceous mass,  though  unconformable  to  the  subjacent  coal  strata,  seems  to  have  been 
simultaneously  affected  by  a  movement  of  elevation,  for  it  dips  with  them  to  the 
north-north-east,  though  not  by  any  means  at  so  high  an  angle.  But  besides  the 
pure  white  chalk,  there  occur  in  this  same  district,  particularly  to  the  north  of 
Lugan,  and  between  that  place  and  the  great  coal-works  of  Lissitchia-balka,  some 
small  tracts  in  which  greensands,  apparently  rising  from  beneath  the  chalk,  are 
loaded  with  Exogyne,  as  well  as  with  the  Ostrea  reticularis.  These  portions  of 
greensand  extend  to  the  right  bank  of  the  Donetz,  in  depressions  of  the  older  rocks, 
at  Serebrianka  and  Vcrknaia.  At  the  bureau  of  the  mines  at  Lissitchia-balka,  we 
inspected  several  fossils  in  a  matrix  of  greensand  derived  from  these  localities,  but 
none  of  them  had  the  facies  of  the  remains  of  lower  greensand,  all  of  them  (in- 
cluding the  Ostrea  resicularis)  being  species  of  the  white  chalk  and  upper  greensand 
of  Western  Europe. 

Before  we  leave  the  overlying  deposits  around  these  carboniferous  tracts,  we 
must  further  state,  that  on  their  southern  frontier  they  are  also  surmounted  by  a 
narrow  band  of  chalk,  which,  with  a  slight  interruption,  extends  from  the  con- 
fluence of  the  Donetz  and  the  Don  on  the  east,  to  the  rivers  Miuss  and  Krinka 
on  the  west'.  Again,  on  the  eastern  limits  of  this  coal  country  we  observed  nu- 
merous instructive  sections  of  white  chalk ,  notably  at  Kamenskaya  and  on  the  little 
streams  Slaboka,  Glaboka,  &c,  tributaries  of  the  Donetz.  In  several  other  locali- 
ties, which  it  is  unnecessary  now  to  specify,  as  their  names  do  not  appear  upon 
our  map,  the  white  chalk  is  distinctly  and  conformably  surmounted  by  a  peculiar, 
white  clay-Btone,  with  marlstone  and  sands,  the  whole  being  perfectly  analogous  to 
strata  in  the  government  of  Kursk,  which  we  shall  presently  show  to  be  an  integral 
part  of  the  Cretaceous  system. 

In  tracing  the  cretaceous  rocks  from  these  southern  coal  regions  in  their  course 

1  This  bend  of  chalk  is  correctly  laid  down  by  Captain  Ivanitzki  in  a  geological  map  of  thi*  region, 
with  which  we  were  furnished  by  General  Tcheffkinc,  and  of  which  a  reduction  hae  been  published  in  the 
•  Annuaire  de»  Mines  dc  RuMie.'    We  have  somewhat  extended  Captain  Iranitzki't  band. 
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to  the  north,  we  must  specially  revert  to  the  admirable  section  at  Izium  on  the 
river  Donetz  (p.  252).  There,  as  above  remarked,  is  seen  a  clear  order  of  super- 
position, which  shows  the  upper  Jura  limestone  or  coral  rag  covered,  by  light- 
coloured  sandstone  and  sand  with  green  grains,  inclosing  thin  courses  of  marl. 
These  beds  pass  upwards  into  porous  sandstone  with  tripoli,  the  whole  of  this  lower 
cretaceous  or  greensand  group,  of  about  70  feet  in  thickness,  being  surmounted  by 
pure  white  chalk. 

SECTION  AT  IZIUM.  39  bU. 


The  structure  of  the  country  in  the  governments  of  Kharkof  and  Kursk  con- 
vinced us,  however,  that  thick  as  it  may  be  at  Lugan  and  in  the  upper  steppe  of 
the  Don  Cossacks,  the  white  chalk  dwindles  out  to  one  thin  bed  in  the  adjacent 
regions  upon  the  north,  and  plays  a  very  subordinate  part  only,  amid  argillaceous 
and  siliceous  masses  which  there  represent  the  Cretaceous  system. 

The  important  and  flourishing  city  of  Kharkof 1  stands  in  the  centre  of  deposits 
which,  from  their  light  colours  alone,  might  lead  to  the  impression  of  their  being 
cretaceous  ;  for,  consisting  of  whitish,  greenish,  and  light  yellow  argillaceous  beds, 
which,  at  first  sight,  very  much  resemble  chalk  marls,  they  become  white  in 
weathering,  and  leave  chalk-like  streaks  when  rubbed  upon  any  other  substance. 
This  rock  is,  however,  nothing  more  than  one  of  the  varieties  of  a  deposit  we  shall 
in  the  sequel  describe,  as  existing  in  great  force  on  the  banks  of  the  Volga  and  the 
Don ;  being  a  very  light,  minutely  micaceous  and  fine-grained  earthy  sandstone, 
which  derives  its  colour  and  character  from  a  large  proportion  of  white  felspar.  It 
contains  no  lime,  at  least  in  most  places,  it  does  not  effervesce  with  acids,  and  is 

1  This  city,  little  known  in  Europe,  contains  an  university  and  a  population  of  upwards  of  40,000 
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what  Major  Blode  has  designated  "  Kiesel-thon."  We  consider  it,  however,  to  be 
of  the  Cretaceous  epoch,  for  the  following  reasons.  Three  or  four  versts  to  the  east 
of  Kharkof,  these  white  rocks  are  overlaid  by  regularly  bedded,  ferruginous  sands, 
sometimes  almost  flagstones,  but  in  other  parts  appearing  as  concretions  in  fox- 
coloured  sand.  Such  beds  occur  in  certain  ravines,  where  a  passage  is  seen  into 
the  whiter  masses  through  strata  of  green  sandstone,  in  which  grains  of  chlorite, 
are  disseminated  in  a  sandy  argillaceous  paste.  Being  the  only  hard  beds  in  the 
country,  they  are  much  used  for  building  and  paving  purposes. 

These  rocks,  extending  to  the  northern  frontiers  of  the  government  of  Kharkof, 
offered  us  no  organic  remains,  nor  has  Major  Blode,  who  has  examined  them  much 
more  than  ourselves,  been  able  to  detect  any  traces  of  such,  even  where  they  range 
over  a  wide  space  westwards  into  the  government  of  Pultava.  In  that  direction, 
indeed,  the  hard  ferruginous  masses  often  form  isolated  hills.  At  Bielgorod,  about 
sixty  versts  to  the  north  of  Kharkof,  a  mass  of  true  chalk  reappears  high  above 
the  town,  and  therefore,  as  we  conceive,  overlying  some  members  of  the  great 
arenaceous  development  of  the  Cretaceous  system  which  we  detected  under  the 
drift,  in  the  lower  slopes  of  the  adjacent  hills.    The  ascending  section  here,  in 

proceeding  from  the  valley  to  the  hill  above  the  town  upon  the  north,  exhibits  

1.  Sands,  &c. ;  relations  obscured  in  the  slopes.  2.  White  chalk  without  flints,  in 
horizontal  beds  about  100  feet  thick.  3.  Greenish  friable  sandstone,  about  ten 
feet,  containing  siliceous  flags,  and  separated  from  the  chalk  by  a  course  of  gray 
laminated  marl.    4.  Superficial  black  earth  or  "  Tchornozem." 

At  Oboyan  on  the  river  Psol,  the  white  chalk  disappears,  and  the  cliffs  have  ex- 
actly the  same  appearance  as  those  near  Kharkof ,  for  what  seemed  to  us  to  be 
chalk  under  the  first  rays  of  an  autumnal  rising  sun,  proved  on  closer  inspection 
to  be  non-calcareous,  and  nothing  more  than  a  white  variety  of  the  *'  Kiesel-thon," 
or  sandy  marlstone,  in  which  a  very  Utile  calcareous  matter  was  disseminated ;  and 
thus  the  rock  began  to  assume  the  real  characters  of  the  upper  greensand,  the 
Planer-kalk  of  Germany,  or  the  "  Malm  rock  "  of  England.  At  the  stage  north 
of  Oboyan,  called  Selikof,  rocks  of  the  same  general  aspect  become  still  more  cal- 
careous, and  exhibit  strata  (in  the  ravines)  which  show  a  distinct  passage  from  dirty 
white,  sandy,  argillaceous  marl,  to  chalk  marl, — and  even  into  what  could  not  be 
distinguished,  at  first  sight,  from  chalk,  but  which  in  reality,  however,  is  not  so, 
as  is  well  known  to  the  natives,  who  transport  their  "  meol  "  or  true  chalk  from  a 
distance  of  forty  or  fifty  versts.    It  may  be  remarked,  that  in  proportion  as  these 

'  The  White  City. 
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marhtones  become  calcareous,  they  have  less  of  the  conchoidal  fracture  of  the 
"  Kicsel-thon,"  are  on  the  whole  whiter,  are  occasionally  iron  shot,  and  con- 
tain certain  corals  (Choanites) ,  which  are  certainly  of  the  Cretaceous  age,  since 
they  occur  in  the  white  chalk  of  England.  Having  already  noticed  these  last- 
mentioned  corals  in  Poland,  we  shall  hereafter  advert  to  them,  as  associated  with 
other  cretaceous  fossils  in  white  chalk,  at  Volsk  upon  the  Volga. 

In  following  these  beds  to  the  city  of  Kursk,  we  became  convinced  that  the 
whole  of  the  argillo-siliceous  and  marnose  group  we  had  been  examining,  must 
be  included  in  the  Cretaceous  system.  In  their  range  from  Kharkof  to  Kursk, 
the  beds  becoming  gradually  more  calcareous,  show  traces  of  animal  life  in  pro- 
portion to  an  increase  of  lime.  At  Kursk  we  found,  indeed,  fossils  in  them  which 
leave  no  doubt  of  the  age  of  the  deposit,  such  as  a  Belemnite,  two  species  of  Tere- 
bratula*,  and  the  same  Choanites  already  alluded  to.  This  mass  of  chalk  marls, 
having  much  the  character  of  the  upper  greensand  of  England,  is  seen,  on  the  batiks 
of  the  rivers  Sem  and  Tuskar,  distinctly  to  overlie  a  course  of  pure  white  chalk 
without  flints,  of  about  seven  feet  in  thickness,  and  containing  Terebratuloc,  one 
of  which  resembles  T.  carnea.  The  detailed  section  from  the  banks  of  the  Sem  to 
the  high  ground  on  which  stands  the  city  of  Kursk,  is  thus  most  valuable  in  clearly 
demonstrating,  that  the  white  chalk  thins  out  in  a  system  of  sands  and  marls  which 
are  thus  exhibited. 

GENERAL  SECTION  AT  KURSK. 
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The  ironstone  (section  of  k)  consists  of  a  Boor  about  four  feet  thick,  of  lingular  mam  miliary  concretions, 
so  matted  together  a*  to  form  thick  paving-stones,  the  internal  structure  of  which  somewhat  resembles 
that  of  the  clinkers  in  the  lower  greensatid  of  English  geologists  (the  car  stone  of  Norfolk.  Bedford,  *tc>. 
A  portion  of  this  band  is  extensively  quarried  in  galleries  beneath  the  white  chalk,  and  is  usually  chargrd 
with  Ottrtra,  the  species  of  which  is  unknown  to  us.  This  bed  of  concretionary  ironstone  (the  paving- 
stone  of  the  city)  does  not  exceed  six  inches  to  one  foot  in  thickness,  and  occasionally  lies  in  a  mass  of 
true  greensand,  i.  e.  yellowish,  incoherent,  yellow  sand,  in  which  green  particles  are  disseminated, 
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Whatever  horizon  may  hereafter  be  assigned  to  the  uppermost  sands,  or  (e)  of 
this  section,  we  can  have  no  hesitation  in  considering  the  three  underlying  mem- 
bers as  Cretaceous,  and  from  their  stratigraphical  and  lithological  connection  we 
believe  them  to  be  also  part  of  the  6ame  system  ;  their  composition  and  re- 
lations have  also  convinced  us,  that  the  strata  over  wide  surfaces  to  the  east  and 
south  of  Kursk,  of  which  they  are  prolongations,  may  owe  their  paucity  or  absence 
of  organic  remains  to  the  lithological  composition  of  the  rocks.  It  is,  indeed, 
certain,  that  with  the  exception  of  containing  a  little  calcareous  matter,  the  argillo- 
siliceous  marls  of  Kursk,  are  identical  in  colour,  aspect,  composition  and  manner 
of  bedding,  with  the  white  siliceous  clay-stones  of  Kharkof,  and  the  formation  is 
continuous  between  these  places. 

The  establishment,  therefore,  of  the  age  of  the  marls  of  Kursk  by  their  inter- 
lacement and  connection  with  white  chalk,  ironsand  and  greensand  containing 
fossils,  is  a  point  of  considerable  importance,  in  clearing  up  the  obscure  question, 
as  to  what  is  or  is  not  to  be  included  in  the  Cretaceous  system  of  Russia.  Major 
Bldde,  who  had  closely  defined  the  lithological  character  of  these  strata  in  the 
government  of  Kharkof,  not  having,  when  we  left  the  country,  seen  the  proofs  we 
discovered  at  Kursk,  was  unable,  from  zoological  or  other  evidence,  to  assign  such 
beds  to  their  correct  place  in  the  series  ;  but  we  must  do  him  the  justice  to  say, 
that  arguing  from  their  aspect  and  composition,  as  well  as  from  the  entire  absence 
of  tertiary  fossils  (which,  he  contended,  if  the  deposit  were  younger  than  the  chalk, 
would  be  found  in  them),  he  always  considered  the  strata  around  Kharkof  as  be- 
longing to  the  secondary  rocks. 

Cretaceous  Rocks  of  the  Don. — On  referring  to  the  Map,  it  will  be  seen  that  cre- 
taceous rocks  occupy  very  wide  spaces  upon  the  Don.  These  masses  may,  indeed, 
be  considered  as  the  eastern  prolongation  of  the  deposits  in  Southern  Russia,  to 
which  we  have  just  adverted. 

In  passing  from  the  Donetz  to  the  Don,  and  particularly  on  the  banks  of  the 
Kalitva,  we  found  sections,  in  ascending  order,  analogous  to  those  of  Kursk,  from 
white  chalk,  through  whitish  marls  and  "  Kiesel-thon  "  to  siliceous  sand.  The 
same  order  is  seen  on  the  left  bank  of  the  Don  at  the  station  of  Matiushenskaya. 
Again,  much  further  down  that  stream,  below  the  great  elbow  which  it  makes 
towards  the  Volga,  we  met  with  a  similar  succession  between  Golabinskaya  and 
Piattisbianskaya,  to  the  south  and  east  of  which  last  place  the  white  chalk  with  it* 
superincumbent  and  associated  marls,  marlstone  and  sandstone  sinks  beneath  the 
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tertiary  limestone  of  the  steppes.  To  this  point  we  shall  again  refer.  In  ascending 
the  Don,  we  perceived  that  the  chalk  was  continuous  to  the  neighbourhood  of 
Voroneje,  where  it  overlaps  the  Devonian  rocks  before  described.  We  would  not 
unnecessarily  multiply  sections  which  exhibit  merely  lithological  succession,  but 
we  beg  to  offer  one  which  we  made  in  the  neighbourhood  of  that  city,  because  it  is 
as  valuable  in  showing  a  full  development  of  the  sands,  &c.  beneath  the  white  chalk 
as  some  of  the  preceding  sections  have  been  in  respect  to  the  overlying  strata.  The 
following  ascending  succession,  then,  is  seen  on  the  river  Veduga,  two  versts  below 
the  village  of  Indovistye,  and  to  the  west  of  Voroneje. — 

V.  White  chalk,  20  feet.  Above  this  the  regular  succession  terminates,  and  the  surface  of  the  chalk  is 
covered  by  the  reddish  alluvium  or  drift  common  to  large  tract*  of  Ru*sia,  and  by  black  earth 
and  northern  blocks. 

IV.  Ferruginous,  siliceous,  concretionary  band.exactly  like  that  of  Kursk,  beneath  the  chalk  (woodcut,  p.2C9), 

mixed  with  some  grceuaand.  *  feet. 
III.  Greenland,  100  feet  in  thickness,  divided  into  the  following  courses  in  ascending  order :—  a,  white  and 

yellow  sands  alternating,  and  containing  flaggy  grit,  20  feet;  4,  yellow  ferruginous  grit,  3  feet; 

e,  alternations  of  yellow  anil  white  sands,  containing  concretions  and  flags  of  hard  grit  of  irregular 

micaceous  green  sandstone,  "(Kitted  grey  and  weathering  into  elongated  fragments. 
II.  Black  schistose  clay.  30  feet. 
I.  Lowest  beds,  ferruginous  sandstone,  7  feet. 

So  far  then  we  do  not  hesitate  to  place  all  the  strata,  alluded  to  in  the  preceding 
pages,  in  the  Cretaceous  system ;  but  we  admit  we  have  some  embarrassment  in 
even  rudely  determining  the  limit  between  the  cretaceous  rocks  of  the  south, 
and  those  ferruginous  sands  and  grits  between  Mtzensk  and  Bielef,  which  we 
have  for  the  present  classed  with  the  Jurassic  sandstones  of  Moscow  and  Vla- 
dimir'. We  can  only  state  our  impression,  that  in  those  regions,  true  cretaceous 
rucks  do  not  extend  northwards  beyond  the  great  dome  of  Devonian  rocks  which 
constitutes  the  axis  of  Russia.  In  the  absence  of  fossils  it  is,  indeed,  difficult  to 
form  a  correct  opinion  concerning  the  age  of  sandy  deposits  occurring  at  wide  in- 
tervals only  and  in  small  patches,  and  which  from  their  lithological  composition 
might  be  considered  as  Jurassic,  Cretaceous,  or  even  Tertiary.  We  have  already 
seen  reason  to  allow,  that  the  siliceous  grits  of  Moscow  arc  truly  Jurassic,  though 
they  much  resemble  other  grits  which  in  the  south  of  Russia  certainly  lie  above 
the  chalk.  If  the  simple  analogy  of  the  mineral  or  external  character  of  certain 
sands  and  grits  to  those  which  overlie  the  white  chalk  could  be  assumed  as  an  in- 


1  We  leave  the  classification  of  the  isolated 
of  Moscow  onen  till  the  discovery  of  fossils. 


which  occur  between  the  southern  basin  and  that 

2  n2 


272 


CHALK  ON  THE  BANKS  OF  THE  RIVER  URAL. 


dication  of  their  belonging  to  the  same  epoch,  we  could  easily  have  solved  such 
a  question,  by  placing  all  the  sands,  clay-stone,  &c.  of  the  southern  regions  in  the 
tertiary  series.  But  the  clear  sections  of  Kursk  and  numerous  other  places  con- 
tradict such  a  classification  ;  whilst  the  structure  of  Saxony  and  the  adjacent 
parts  of  Germany  support  the  view  which  we  have  adopted,  by  distinctly  proving, 
that  the  very  uppermost  beds  of  the  Cretaceous  group  are  often  siliceous  sand- 
stones. In  describing  the  tracts  of  this  age  along  the  Lower  Volga,  we  shall  pre- 
sently show  how,  as  at  Kursk,  siliceous  sands  with  beds  of  marlstone  and  clay- 
stone  are  interlaced  with  the  white  chalk,  and  form  with  it  one  inseparable-series. 
In  the  mean  time  let  us  say  a  few  words  on  the  chalk  of  the  far-distant  south-eastern 
steppes,  ou  the  banks  of  the  river  Ural. 

Chalk  on  the  banks  of  the  Ural. — The  most  remote  country  in  which  we  observed 
true  chalk,  was  on  the  banks  of  the  river  Ural,  about  150  versts  south-west  of 
Orenburg,  where  it  forms  a  zone  of  about  160  versts  in  width,  extending  from  the 
junction  of  the  Utva  with  the  Ural  on  the  north-east,  to  the  country  beyond  Uralsk 
on  the  south-west.  The  greatest  length  of  this  zone,  we  had  no  means  of  deter- 
mining, in  that  wild  region  of  Kirghis  and  Cossacks,  the  extreme  boundary  of 
the  Russian  empire  ,  but  from  what  we  could  ascertain,  the  chalk  ranges  from  the 
banks  of  the  Ural,  where  we  examined  it,  to  beyond  the  sources  of  the  Kamelik,  a  ' 
tributary  of  the  Volga  on  the  west,  and  on  the  east  towards  the  rise  of  the  Utva.  It 
may,  indeed,  have-a  much  wider  range  than  we  have  assigned  to  it  on  our  Map, 
for  Pallas  has  spoken  of  chalk  on  the  European  side  of  the  Ural,  near  the 
sources  of  the  Busuluk  river',  and  it  may  therefore  occur  to  a  small  extent  on  the 
north  side  of  the  Jurassic  rocks  which  are  laid  down  upon  our  Map.  For  our  own 
part,  we  observed  chalk  at  the  hill  of  Semipolatnoi  ou  the  river  Utva,  and  also  ou 
the  opposite  bank  of  the  Ural  river,  at  the  Cossack  outposts  of  Baratinskoi,  Zenu- 
arzof,  and  Rubcshnoi,  where  it  is  white,  without  flints,  in  horizontal  beds,  and  con- 
tains InoceramusCuvieri  and  Belemnites.  The  alluvial  plain  on  which  is  placed  Uralsk . 
the  chief  town  of  the  frontier  Cossacks,  is  almost  surrounded  by  chalk  (sec  Map), 
which  to  the  south  sinks  under  the  tertiary  sands  of  the  steppes  of  the  Kirghis. 

Cretaceous  rocks  of  the  Volga  below  Simbirsk. — In  describing  the  range  of  the 

1  Wc  so  much  respect  the  authority  of  Pallas  on  every  point,  that  we  scarcely  dare  to  express  a  doubt 
respecting  this  chalk  near  the  sources  of  the  Buauluk.  As,  however,  in  passing  from  Orenburg  to  Samara, 
wc  traversed  the  Obschey  Sirt  (see  Map),  and  saw  nothing  but  Permian  rocks,  wc  venture  to  surmise, 
that  the  rock  supposed  to  be  chalk,  may  prove  to  be  one  of  the  white  marUtones,  or  limestone*  so  abun- 
dant in  the  red  Permian  deposits  ? 
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Jurassic  rocks  on  the  Lower  Volga,  we  have  already  informed  our  readers,  that 
they  are  overlaid  by  cretaceous  deposits.  If  we  had  had  sufficient  time  we  might 
probably  have  obtained  clearer  evidences  of  the  exact  order  of  these  strata,  in  the 
governments  of  Simbirsk  and  Saratof  than  in  any  other  part  of  Russia  ;  for  in  that 
region  the  right  bank  of  the  Volga  is  composed  of  plateaux  of  considerable  alti- 
tude, the  beds  composing  which  are  occasionally  well  exposed  both  on  the  banks 
of  that  great  river  and  its  tributaries,  as  well  as  in  numerous  ravines. 

In  respect  to  the  cretaceous  beds  near  the  city  of  Simbirsk,  we  can  say  that  they 
are  of  considerable  thickness,  and  that  we  observed  in  them  the  following  fossils  : 
Terebratula  octoplicata,  identical  with  that  of  Meudon  near  Paris,  T.  Defrancii,  T. 
carnea,  Ostrea  vesicularw,  Pecten  serratus,  P.  undulatus,  Inoceramus  Cuvieri,  Belcm- 
nites  mucronatus,  Lenticulites  Comptoni  (Nils.),  and  Froudicularia  complanata  (Defr.). 
M.  Jasikoffof  Simbirsk,  who  has  made  a  most  interesting  collection  of  the  fossils 
of  this  tract,  which  we  inspected  in  his  absence,  states,  that  the  Cretaceous  system 
there  presents  a  descending  succession  of  white  chalk,  gray  and  chloritic  chalk, 
and  chalk  marl'. 

Ill-provided  as  we  are  with  the  means  of  defining  the  geographical  limits  of  the 
cretaceous  rocks  of  this  tract,  we  must,  in  truth,  leave  all  such  efforts  to  be  made 
by  M.  Jasikoff  and  geologists  resident  in  the  country,  and  in  the  mean  time  simply 
speak  of  phenomena  lower  down  the  Volga  which  fell  under  our  own  notice. 

In  travelling  from  Simbirsk  along  the  right  bank  of  the  Volga,  towards  its 
mouth,  we  found  that  the  white  chalk,  wrapping  round  the  Jurassic  beds,  ranged 

1  Whilst  these  pages  are  passing  through  the  press,  a  letter  received  from  our  friend  Mr.  Frcars  of 
Moscow,  explains  the  most  recent  views  of  M.  Jasikoff  respecting  the  geological  succession  in  the  envi- 
rons of  Simbirsk.  The  uppermost  cretaceous  beds  (covered  by  tertiary  clays  and  sands)  consist  of  white 
chalk  with  courses  of  chert,  occasional  deposits  of  tripoli,  and  masses  of  ferruginous  ochre ;  beneath  these 
is  chalky  marl  with  bands  of  chloritic  chalk ;  and  thirdly,  marls  with  nodules  of  phosphate  of  lime.  The 
group,  about  250  feet  thick  and  containing  in  all  nearly  forty  fossils,  is  evidently  the  equivalent  of  the 
chalk  properly  so  called,  for  in  its  central  and  lower  bands  of  "craie  chloritec"  are  well-known  chalk 
species,  such  as  Inoceramus  Cuvieri,  Belemnites  mucronatus,  &c,  associated  with  zoophytes.  &c.,  whilst  in 
the  upper  beds  are  found  Terebratula  canm,  T.  nbrotunda,  Spatangvs  cor-angvinum,  Plagiostoma  (Lima) 
lloperi,  Belemnites  mucronatus,  ScaphUe*  raualis,  with  Zoophytes,  Crustacea,  and  teeth  and  vertebras  of 
fishes.  Beneath  this  formation,  however,  M.  Jasikoff  has  discovered  variegated  clays  300  feet  thick  (near 
Simbirsk  and  at  ShUovka  on  the  river  Urcn),  in  which  he  has  detected  one  fossil  only,  viz.  Ammonite! 
ccntobriiau,  a  species  which  M.  D'Orbigny  places  in  the  "  couches  supencures  Neocomicnnes,"  or  upper 
part  of  the  lower  greecsand  of  English  geologists.  The  fossils  enumerated  by  M.  Jasikoff  will  be  men- 
tioned in  Part  III.  of  this  work,  but  we  shall  presently  revert  to  the  deposits  by  which  the  white  chalk  is 
covered  in  the  environs  of  Simbirsk. 
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in  low  hills  a  few  miles  on  the  west  of  our  route,  and  then  advanced  to  the 
promontory  of  Kashpoor.  The  rock  is  well  seen  in  the  descent  which  the  road 
makes  from  a  plateau,  obscured  by  black  earth  and  detritus,  to  the  Volga  at 
Kwalynsk,  where  true  chalk  having  a  thickness  of  upwards  of  200  feet,  reposes  on 
Jurassic  beds  (sands  and  shale,  &c.)  with  Ammonites  Panderi.  As  we  moved  with 
great  celerity,  being  anxious  to  employ  the  chief  remaining  portion  of  the  fine 
autumnal  weather  of  1841  in  the  survey  of  the  coal  country  of  the  Donetz,  we  had 
not  the  means  of  accurately  ascertaining  either  the  horizontal  or  vertical  limits  of 
the  cretaceous  masses.  We  believe,  however,  that  certain  marls  and  marlstone, 
porcellaneous  and  sandstone  bands  with  which  the  white  chalk  is  associated,  must, 
as  at  Kharkof  and  Kursk,  be  contained  in  the  Cretaceous  system.  At  Kerza  the 
white  chalk  is  seen  in  a  promontory  on  the  Volga,  and  the  higher  hills,  ranging 
into  the  interior,  are  occupied  by  sands  and  sandstones. 

At  Volsk,  indeed,  there  is  a  clear  section  in  which  at  least  200  feet  of  chalk 
with  Belemnites,  a  Pecten  resembling  the  Pecten  quinque-costatus,  and  fragments  of 
the  coralline  Choanites,  are  capped  by  an  equal  thickness  of  whitish  yellow  sand, 
which  passes  upwards  into  bands  of  hard,  compact,  siliceous  grit. 

The  higher  hills  or  superior  strata  to  the  south-west  of  Volsk  are  chiefly  com- 
posed of  bluish-gray,  sandy,  slightly  micaceous  psammitic  shale  of  conchoidal  frac- 
ture, which  is  here  and  there  porcellaneous  (Kiesel-thon),  and  which  passes  into 
finely  laminated,  ferruginous  and  white  sandstone  with  green  grains.  If  the  gene- 
ral arrangement  of  the  masses,  in  a  country  which  is  composed  essentially  of  hori- 
zontal strata,  be  our  guide,  we  should  say,  that  these  strata  must  overlie  and  form 
the  upper  part  of  the  chalk  exposed  at  the  adjacent  town  of  Volsk.  We  detected, 
however,  in  these  beds  imperfect  casts  of  Nucula,  Lucina,  Turritella  and  other 
shells,  which  we  were  disposed  at  the  time  to  consider  tertiary.  But  our  mate- 
rials are  too  vague,  and  the  intermediate  strata  too  little  known,  to  enable  us  to 
decide  the  point,  which  we  leave  to  be  settled  by  our  successors,  simply  noting 
by  the  way,  that  these  beds  may  very  probably  indicate  a  passage  from  the  Se- 
condary to  the  Tertiary  deposits. 

Similar  siliceous  claystones  and  sands  protrude  at  intervals  through  the  drift  at 
many  places,  and  give  rise  to  a  sterile  country.  They  range,  in  fact,  over  all  the 
higher  lands  north  and  south  of  the  city  of  Saratof,  and  are  largely  developed 
throughout  the  government  of  that  name.  In  ascending  from  the  lower  grounds  at 
Saratof,  where  we  have  described  high  cliffs  of  Jurassic  shales  and  sands,  we 
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passed  in  succession  through  beds  of  whitish,  bluish-gray  and  yellowish  sands,  for 
the  most  part  incoherent,  but  containing  concretions  of  silicified  sandstone  with 
Alcyonic  bodies,  and  corals,  &c,  which  are  overlaid  by  siliceous  mottled  clay- 
stoue  of  porcellaneous  character,  in  parts  including  green  grains,  and  resembling 
many  varieties  of  the  greensand  series  of  Britain,  or  of  the  Quader  Sandstein  and 
Planer-kalk  of  the  Germans,  where  those  members  of  the  series  are  not  calcareous. 

The  annexed  woodcut  and  the  accompanying  description,  will  convey  a  general 
idea  of  this 
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In  the  walls  of  the  farm-houses  of  the  German  colonists  at  some  distance  to 
the  south  of  Saratof,  we  met  with  earthy,  yellowish  sandstones,  having  green 
grains  diffused,  which  so  completely  resembled  some  of  the  secondary  greensands 
of  England,  more  particularly  in  containing  long  branching  bodies  like  Alcyonia, 
that  however  indisposed  to  admit  lithological  identity  and  imperfect  fossil  proofs  to 
guide  us,  we  could  not  avoid  believing,  on  the  spot,  that  these  rocks  formed  a  part 
of  the  Cretaceous  system. 

In  pursuing  our  course  still  further  to  the  south,  we  were  presented  with  other 
evidences  which  at  once  convinced  us,  that  although  the  higher  plateaux  might,  to 
a  great  extent,  be  cretaceous,  the  depressions,  at  all  events,  were  certainly  occu- 
pied by  tertiary  rocks ;  for  to  the  north-west  of  the  town  of  Kamischine,  we  found, 
in  a  siliceous  grit,  mincralogically  very  much  resembling  the  Lower  Quader  of  the 
Germans,  beautifully  preserved  impressions  of  dicotyledonous  leaves,  which  are 
unquestionably  of  tertiary  age.  Of  these  we  shall  treat  in  the  next  chapter.  These 
siliceous  rocks  appeared  to  us  distinctly  to  overlie  the  porcellaneous  shale  and  green- 
sand  with  Alcyoniae  which  we  have  been  considering,  as  represented  in  this  section. 
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But  here  it  is  essential  to  point  out  to  our  readers,  that  the  same  siliceous 
tnarlstone  and  sandstone  with  Alcyonia,  which  near  Saratof  wc  have  shown  to 
occupy  a  plateau,  descend  at  Karnischine  to  low  cliffs  upon  the  Volga,  where  they 
are  surmounted  by  tertiary  grits.  In  these  relations,  therefore,  as  well  as  in  the 
gradual  disappearance  of  the  Jurassic  strata  beneath  the  chalk,  we  have  the 
clearest  proofs,  that  in  following  the  course  of  the  Volga  from  Saratof,  or  from 
north  to  south,  the  older  formations  successively  disappear  beneath  the  younger. 

The  beds  of  this  series,  which  have  the  most  persistent  character,  are  dingy- 
white  claystone  of  very  low  specific  gravity,  with  ferruginous  concretions  and 
some  grains  of  greensand,  which  are  seen  to  repose  on  a  similar  rock  of  equally 
compact  structure  and  conchoidal  fracture, — a  porcellanite,  in  which  greensand 
concretions  occur  at  intervals.  In  a  word,  these  rocks  on  the  level  of  the  Volga 
at  Karnischine,  are  undistinguishable  from  the  beds  which  near  Volsk  and  Saratof 
are  several  hundred  feet  above  that  stream  ;  for  they  contain  Alcyonic-like  bodies 
having  stems  and  heads,  usually  in  very  decisive  green  sandstone  and  with  some 
imperfect  corals.  We  may  also  remark,  that  Exogyne  imbedded  in  greensand  occur 
in  this  region,  specimens  of  which  were  sent  to  Professor  Eichwald,  who  submitted 
them  to  our  inspection  on  our  return  to  St.  Pctersburgh 

Still  further  to  the  south  we  found  similar  argillaceous  and  sandy  beds,  with 
concretions  of  greensand  and  mottled,  porcellaneous,  greenish  marlstone,  in  parts 
having  a  cretaceous  aspect,  with  overlying  sands  and  quartzosc  sandstone  ;  and  at 
the  post-station  of  J3ielaya-glina,  thirty  versts  south  of  Karnischine,  we  again  met 
with  pure  white  chalk,  rising  into  hills  and  exposed  in  ravines,  at  nearly  the  same 
level,  and  at  a  very  short  distance  from  the  sandstone,  claystone  and  marl  we  have 
been  considering.  In  these  chalk  beds  were  several  fossils,  including  corals  and 
Terebratula  carnea. 

1  It  was  stated  that  the*e  Exogyra:  were  found  between  Karnischine  and  Tzaritzin ;  but  the  locality 
was  not  mentioned.  One  of  the  Exogyne  beam  certainly  a  strong  resemblance  to  a  species  common  in 
the  Maidstone  grits  or  upper  part  of  the  lower  greensand  of  England,  and  is  associated  with  a  small  Plu- 
giostoina,  a  Pecten  very  near  to  P.  orbicularis,  Vtrmrlut,  &c. 
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Seeing,  therefore,  in  a  country  which  has  been  subjected  to  few  or  no  great 
dislocations,  that  the  white  chalk  reappears  at  intervals  upon  the  same  level  as 
certain  beds  of  white  and  gray  claystone  and  sandstone,  we  came  to  the  conclusion, 
that  the  latter  must  here  constitute  the  dominant  portion  of  the  Cretaceous  system, 
in  which  the  white  chalk  occurs  in  large  occasional  masses  only.  Led  as  we  were 
to  this  conviction  by  the  general  structure  of  the  country  on  the  Lower  Volga, 
wc  were  still  more  impressed  with  it,  when  in  our  examination  of  the  Steppes 
of  the  Don  and  the  governments  of  Kharkof  and  Kursk  we  found,  as  already 
stated,  an  abundant  development  of  similar  rocks,  in  none  of  which  could  we  de- 
tect the  trace  of  any  tertiary  shell,  but  in  which,  to  the  evidences  collected  on  the 
Volga,  we  added,  as  already  stated,  that  of  a  Belemnite  with  Terebratula?  and 
Polypifers,  unquestionably  of  cretaceous  age. 

A  traverse  which  we  made  from  the  chalk  of  Bielaia-glina  to  Antipofka1  on  the 
Volga,  also  confirmed  us  in  our  views  of  the  order  of  superposition.  Leaving  the  de- 
nudations in  the  white  chalk,  wc  there  passed  over  a  plateau  of  sandy  and  quartzose 
character,  the  beds  of  which,  distinctly  overlying  the  chalk,  seemed  to  incline  gra- 
dually upon  a  long  slope,  so  as  to  form  the  base  of  certain  shelly  beds,  which  upon 
the  Volga  are  loaded  with  fossils  of  Eocene  age,  the  whole  as  represented  in  this 
drawing. 


SECTION  SHOWING  THE  GENERAL  RELATIONS  OF  THE  CRETACEOUS  AND  TERTIARY  STRATA. 
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The  tertiary  sands  and  marlstone  of  Antipofka  very  much  resemble  the  beds  we 
have  been  considering  as  cretaceous,  and  though  we  had  not  time  to  make  detailed 
researches,  we  have  very  little  doubt,  that  a  thorough  exploration  of  the  adjacent 
ravines  will  afford  evidence  of  a  passage  from  the  white  chalk,  through  a  group  of 
claystoncs,  sands,  &c,  iuto  true  tertiary  deposits,  the  lower  portion  of  which  have 
to  a  great  extent  the  same  mineral  characters  as  the  upper  cretaceous. 

From  sections,  then,  as  well  as  from  the  general  structure  of  large  provinces,  we 
are  impressed  with  the  belief,  in  a  gradual  mineralogical  and  stratigraphical  trans- 

'  We  were  of  course  Jed  to  Antipofka  by  the  well-known  description  of  Pullaa. 
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ition  between  the  secondary  and  tertiary  rocks  of  Southern  Russia,  and  we  the 
more  adhere  to  this  view,  because  we  never  yet  have  seen  an  instance  of  the  surface 
of  the  white  chalk  of  Russia,  or  of  any  beds  which  we  could  call  cretaceous,  having  been 
eroded  as  in  Western  Europe.  On  the  contrary,  at  Volsk,  Kursk  and  other  places 
cited  on  the  Donetz  and  the  Don,  the  white  chalk  seemed  to  form  a  part— often 
indeed  a  central  part— of  a  continuous  series  of  sands  and  argillaceous  strata  to 
which  it  was  subordinate  ;  and  when  in  addition  it  is  stated,  that  the  lower  tertiary 
fossils  occur  in  beds  of  nearly  a  similar  character,  we  think  our  inference  is  well 
sustaiued. 

But  if  their  succession  be  truly  indicated,  there  is  still  the  greatest  difficulty  in 
assigning  precise  relative  boundary-lines  upon  a  map,  to  the  cretaceous  and  tertiary 
deposits.  Should  our  opinion  be  correct,  that  nature  has  not  placed  any  clear 
barriers  between  them,  such  lines  can  be  laid  down  only  after  many  years  of  ela- 
borate survey.  And  even  then,  very  extensive  districts  occupied  by  white  and  grey 
claystones  and  sands,  with  marls,  in  which  no  fossils  can  be  detected,  must  be 
subject  to  doubtful  interpretation.  In  certain  districts,  it  is  true,  the  evidence  is 
clearer.  To  the  west  of  Simbirsk,  near  Drechetilof  ka,  for  example,  there  arc  strata 
incumbent  upon  the  chalk,  in  which  M.  Jasikoff  has  detected  characteristic  tertiary 
fossils.  It  would  also  appear  that  the  so-called  cretaceous  strata  near  Saratof  are 
overlaid  by  patches  of  the  same  age,  just  as  it  has  been  shown,  that  the  white  chalk 
is  surmounted  by  the  shelly  beds  of  Antipofka.  To  the  south  and  west,  however, 
of  that  place,  in  the  tract  extending  by  Tzaritzin  to  Sarepta,  and  in  all  the  space  in 
that  latitude,  between  the  Volga  and  the  Don,  the  white  chalk  receding  far  to  the 
west,  we  have  great  hesitation  in  asserting  that  the  upper  steppes  between  Sarepta 
and  the  Don,  are  truly  tertiary,  as  represented  on  our  Map1.  We  have,  however, 
stated,  that  at  Piattisbianskaya  to  the  south  of  Golubinskayaand  on  the  right  bank 
of  the  Don,  we  met  with  escarpment*  of  white,  grey  and  green,  minutely  micaceous 
claystone,  marlstone  and  sandstone,  &c,  which  we  group  with  the  chalk.  The 
formation  there  occupies  arid  hills,  200  or  300  feet  in  height,  which  present  a 

1  That  our  readers,  unacquainted  with  the  vast  distances  which  must  be  travelled  over  in  Russia,  may 
not  think  we  omitted  any  means  within  our  reach  to  arrive  at  sound  conclusions  in  classification,  we 
may  state,  that  we  were  compelled  to  travel  most  rapidly  (often  day  and  night),  and  in  excessively  hot 
weather  (August  1 84 1 ),  through  these  tracts  of  the  Volga  and  the  Don.  in  order  to  be  able  to  reach  and 
examine  the  steppes  of  the  sea  of  Axof  and  the  coal-field  of  the  Donetz,  before  Uie  bad  weather  of  the 
autumn.  In  fact,  being  much  hurried  and  compelled  to  view  some  districts  with  less  accuracy  than  others, 
we  naturally  sacrificed  the  cretaceous  and  tertiary  to  the  palzozoic  and  carboniferous  rocks,  particularly 
as  the  Imperial  Government  attached  more  importance  to  our  report  upon  the  latter. 
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striking  contrast  to  the  wide  and  flat  grassy  steppes  of  the  Kalmucks  from  which 
we  emerged.  These  rocks  appeared  to  us  to  be  identical  in  composition  with 
those  of  the  Volga,  the  Kalitva  and  the  environs  of  Kursk.  In  truth  they  have 
been  proved  to  be  cretaceous,  since  M.  le  Play  has  detected  the  Pecten  quinque-cos- 
tatu*  in  their  south-western  prolongation". 

In  concluding  this  brief  and  imperfect  sketch  of  the  Cretaceous  deposits  we 
may  remark,  that  they  have  a  very  wide  extension  in  Southern  Russia  (pro- 
bably more  extensive  than  is  indicated  in  our  Map),  notwithstanding  the  com- 
paratively small  number  of  points  where  white  chalk  appears  at  the  surface*.  We 
would  also  further  remind  our  readers,  of  the  agreements  and  discrepancies  which 
this  system  exhibits  in  different  parts  of  its  range,  when  compared  with  deposits  of 
the  same  age  in  Western  Europe.  If  examined  in  detail  the  Russian  type  differs, 
for  the  most  part  considerably,  in  lithological  distribution  from  that  of  England 
and  Northern  France.  It  agrees,  however,  with  that  of  Southern  France,  of  Ger- 
many and  parts  of  Poland,  in  the  pure  chalk  being  less  equably  deposited  in  thick 
masses.  Thus  at  Lugan,  in  the  south  of  Russia,  tbe  chalk  having  a  thickness  of 
600  or  700  feet,  possesses  all  tbe  characters  of  the  English  and  French  white  chalk, 
and  contains  some  of  its  characteristic  fossils  ;  whilst  at  Kursk,  as  we  have  shown, 
it  is  reduced  to  a  band  only  seven  feet  thick,  intercalated  between  greensand  and 
ironsand  beneath,  and  earthy  marls  and  sands  above,  which,  however,  occasionally 
contain  true  cretaceous  fossils.  In  this  mineral  arrangement  we  perceive,  however, 
that  sort  of  general  parallelism  between  the  beds  deposited  in  Russia  and  those  in 
Western  Europe  (particularly  with  those  of  Eastern  Germany),  which  we  ought  to 
expect  to  find  in  strata  of  the  same  epoch,  separated  from  each  other  by  wide  in- 
tervals. Some  persons  may  conclude,  that  the  greensand  beneath  the  white  chalk 
is  the  exact  counterpart,  though  on  a  small  scale,  of  beds  which  are  fully  developed 
in  the  British  Isles  and  Hanover,  viz.  the  ferruginous  or  upper  strata  of  the  lower 
greensand.  Though  we  cannot  affirm  it,  we  would  not  reject  this  analogy,  because 
the  last  researches  of  M.  Jasikoff  have  shown  the  existence  of  variegated  clays,  in- 
ferior to  the  chalk  properly  so  called,  which  contains  an  Ammonite  of  the  upper 
part  of  the  lower  greensand  (see  note,  p.  273).  Additional  detailed  surveys  may 
therefore,  bring  to  light  other  lower  greensand  or  Neocomian  species  in  Russia 

•  See  Voyage  dan.  la  Rustie  Meridional*  et  la  Crimfe  sous  la  direction  de  M.  A .  Demidoff,  par  M.  le  Play. 

*  The  exact  limit*  of  the  white  chalk  may  indeed  be  easily  defined  by  those  who  have  the  mean*  of 
traversing  the  southern  government*  in  various  direction*  ;  for  in  that  oountry  the  superficial  detritus  is 
not  very  thick,  the  ground  is  undulating  and  billy,  and  the  peasants  are  invariably  acquainted  with  the 
nearest  points  where  the  "  meol"  or  chalk  is  found,  with  which  they  whitewash  their  bouse*  and  churches. 
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proper,  the  more  so  as  they  have  been  found  both  on  the  northern  flanks  of  the 
Caucasus  and  in  theCrimtea,  where  the  whole  Cretaceous  system,  from  the  Neoco- 
mian  to  the  upper  chalk  and  from  the  latter  to  Nummulitic  strata,  with  shells  of 
tertiary  age,  has  been  fully  described  by  M.  Dubois'  and  M.  Huot". 

It  has  been  stated  by  us,  that  we  cannot  truly  recognize  in  the  ascending  order 
an  upper  greensand  on  which  the  white  chalk  rests.  On  the  contrary,  where  we 
saw  the  white  chalk  thinning  out  amid  other  strata,  the  beds  which  most  resemble 
the  "  planer  kalk  "  of  Germany  or  the  malm  rock  of  England,  and  which  at  Kursk 
contain  Terebratulae  and  a  Belemnite,  lie  above  and  not  below  it.  These  litholo- 
gical  discrepancies  are,  however,  no  greater  than  those  which  exist  in  the  distribu- 
tion of  the  different  members  of  the  system  wheu  followed  from  England  to  Eastern 
Germany,  or  from  the  north  to  the  south  of  France,  whilst  the  organic  remains 
assure  us,  that  all  these  deposits  belong  to  one  natural  system. 

The  distribution  of  certain  types  of  animal  life  through  varied  and  distant 
masses  of  inorganic  matter,  is  doubtless  of  great  geological  interest,  and  compels  us 
to  be  cautious  in  not  attaching  too  much  weight  to  mere  details  of  mineral  sequence. 
At  the  same  time  it  appears,  that  mineral  characters,  under  the  limitations  which 
we  have  endeavoured  to  define,  are  not  to  be  neglected  even  in  geological  classi- 
fication ;  for  we  have  ascertained,  that  in  the  remotest  regions  of  the  Volga,  green- 
sand,  ironsand,  chalk  and  chalk  marl  occur,  in  which  the  same  group  of  fossils 
prevails,  as  in  rocks  of  Britain  and  France  which  hold  the  same  relative  place  in  geo- 
logical succession ;  and  we  have  shown  the  extension,  at  intervals,  of  pure  white 
chalk  containing  some  characteristic  organic  remains,  from  the  British  Isles  to  the 
confines  of  Asia. 

Doubtless,  therefore,  these  facts  demonstrate,  that  during  the  cretaceous  as  in  all 
the  preceding  geological  epochs,  there  existed  a  most  widely-spread  diffusion  of 
similar  agencies  which  produced  this  general  uniformity  of  result. 

»  Consult  the  letters  of  M.  Dubois  de  Montpereux  to  M.  Elie  de  Beaumont ;  Bull,  de  la  Soc.  Geol.  dc 
France,  vol.  viii.  p.  371  ;  and  bis  Tabic,  it.  p.  385.  Also  the  great  work  of  the  same  author,  Voyage  en 
Caucnse,  cn  Annenie.  en  Crimee,  &c. ;  and  see  jiarticularly  ijeric  V.  and  VI.  pi.  13  and  14  ;  where  the 
Ncocomiau  and  chalk  formations  are  given  in  detailed  sections.  The  last  eighteen  plates  of  the  fifth  series 
offer  a  complete  resumfi  of  the  geological  history  of  the  Crimsra. 

«  Voyage  dans  la  Ilussic  Meridionalc  ct  la  Crimee  sous  la  direction  de  M.  A.  Dcmidoff.  vol.  ii.  p.  398; 
Pnrtie  Geologiuue  de  M.  Huot.  'litis  author  divides  the  Cretaceous  system  of  the  Crimra  into  three 
stage*,  Neocomian,  greensand  and  chalk,  classing  the  overlying  Nummulitic  beds  as  tertiary,  a  point  to 
which  allusion  will  be  made  in  the  next  c'oaptcr. 

N.  B.  Erratum — For  Inocrramus  crista  galli,  p.  266,  read  Ottrta  crista  galli.  and  for  Frmdicvlaria  cam- 
plaitata,  p.  273,  read  Ananckyte*  ovata. 
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CHAPTER  XIII. 


TERTIARY  DEPOSITS. 

General  Remarks  on  the  Tertiary  deposits  of  Northern  Germany  and  their  extension  into 
Russia. — Division  of  the  Tertiary  rocks  of  Russia  into  three  great  zones  : — Eocene, 
Miocene,  and  Aralo-Caspian  — Older  Tertiary  or  Eocene  deposits  on  the  Dnieper 
and  the  Volga. — Miocene  Oceanic  deposits  of  South  Poland,  Podolia,  Bessarabia, 
Sfc. — Aralo-Caspian  or  brackish  water  Accumulations,  and  their  enormous  Eastern 
range  from  the  borders  of  the  Black  Sea  and  Sea  of  Azof,  throuyh  the  Crimaa  to 
the  shores  of  the  Caspian  and  Aral  Seas,  and  into  the  high  plateaux  of  Khwarezm 
in  Asia. — More  recent  desiccation  of  the  Caspian  in  the  Lower  Steppes  of  the  Volga 
and  the  Caucasus.— General  Reflections  on  the  Aralo-Caspian  deposits  and  their 
desiccation  at  separate  periods. — Raised  Sea-Bottoms  of  the  North  of  Russia  in 
the  Valleys  of  the  Dwina  and  Petchora. — Conclusion  of  Part  I. 

HAVING  endeavoured  in  the  preceding  chapter  to  show  how  the  cretaceous 
rocks  of  Russia  are  linked  on  to  certain  tertiary  deposits,  wc  now  proceed  to 
consider  the  latter.  Their  perfect  description  must,  however,  constitute  at  some 
future  day,  an  important  work  by  other  geologists,  which  for  want  of  data  cannot 
yet  be  submitted  to  the  public.  We  have  already  explained,  that  our  first  object 
in  visiting  Russia,  was  to  point  out  with  clearness  the  succession  of  her  ancient 
or  Palaeozoic  strata.  If,  in  addition,  we  have  been  enabled  to  give  general  sketches 
of  the  Jurassic  and  Cretaceous  systems,  which  in  both  cases  are  susceptible  of 
countless  improvements,  still  more  must  we  plead  our  inability  to  do  justice  to  the 
tertiary  deposits,  which  arc  so  widely  spread  out  in  the  southern  parts  of  the  Russian 
empire,  and  of  which  wc  have  ourselves  examined  some  portions  only. 

Even  in  those  countries  of  Western  Europe  where  the  relative  ages  of  each  ter- 
tiary substratum  are  much  better  known,  the  task  of  fully  describing  them  would 
be  yet  attended  with  many  difficulties.    Take,  for  example,  the  tertiary  series  of 
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the  North  of  France,  and  endeavour  to  apply  it  to  the  southern  tracts  of  that 
country, — try  to  register  along  the  flanks  of  the  Pyrenees  the  equivalents  of  the 
lower  beds  of  the  basin  of  Paris,  and  many  of  the  best  geologists  will  still  be  found 
at  issue.  In  England,  it  is  true,  a  close  parallel  was  long  ago  established  between 
the  calcaire  grassier  and  the  London  clay ;  but  how  long  a  period  elapsed  before 
the  overlying  mammifcrous  beds  of  the  Isle  of  Wight  were  put  into  exact  compa- 
rison with  the  gypsum  beds  of  Paris  !  How  much  reasoning  upon  the  distribution 
of  animals  in  contemporaneous  basins  was  employed  before  the  Faluns  of  the  Loire 
and  the  Crag  of  England  were  proved  to  be  of  similar  age' !  If  such  be  the  case 
in  countries  where  this  class  of  deposits  has  been  well  studied,  we  need  scarcely 
say,  that  in  the  present  state  of  our  knowledge  of  Russia,  it  would  be  idle  to  draw 
too  closely  the  terms  of  comparison  between  her  tertiary  deposits  and  their  equi- 
valents in  Western  Europe.  Even  in  cxtcuding  our  view  from  the  British  Isles  to 
Eastern  Germany,  we  arc  arrested  midway  by  unanswered  difficulties.  Thus,  the 
characters  of  the  very  numerous  fossil  contents  of  the  great  tertiary  basin  of  Mayence 
have  recently  led  us  to  infer,  that  some  of  its  lowest  beds,  consisting  of  sand 
with  brown  coal  and  lignite,  may  represent  the  plastic  clays  of  the  Paris  and  Lon- 
don basins,  because  the  shells  in  the  overlying  sands,  if  not  absolutely  the  same 
as  certain  forms  of  the  calcaire  grassier,  have  among  them,  at  all  events,  very  few 
species  indeed,  approaching  to  those  of  existing  nature  ;  whilst  the  numerous  ver- 
tcbrata  in  the  upper  beds  of  the  same  deposit  are  considered  to  be  analogous  to 
those  of  the  gypseous  strata  of  Paris,  which  are  classed  in  the  Eocene  group*. 

If  this  view  be  sustained,  it  may  have  a  great  influence  in  determining  the  age 
of  the  adjacent  fields  of  brown  coal  which  cover  such  wide  areas  in  Prussia  and 
Northern  Germany.  Clear  fossil  evidences  are,  however,  still  wanting  in  regard  to 
these  deposits.  Mineralogically,  and  in  general  structure,  like  the  lowest  beds  of 
Mayence,  they  present  strong  analogies  to  the  plastic  clays  and  sands  of  England 
and  France.    M.  v.  Buch  has,  indeed,  stated,  on  the  authority  of  Count  Munster, 

'  See  Lyell  on  the  Faluns  of  the  Loire.    Proc.  GcoL  Soc.  vol.  iii.  p.  437. 

*  This  view  of  the  age  of  the  basin  nf  Mayence  is  drawn  from  the  researches  of  M.  Herman  V.  Meyer, 
M.  Kaup  and  Prof.  A.  Brnun.  M.  v.  Meyer  is  of  opinion,  that  the  very  numerous  and  peculiar  vertebrate 
of  this  basin,  whether  described  by  himself  or  M.  Kaup,  may  be  compared  with  those  of  the  gypsum  beds 
of  the  Paris  basin.    They  are,  therefore,  of  the  same  age  as  the  Anoplotheria  beds  of  the  hie  of  Wight. 

percentage  can  be  referred  to  existing  nature.  See  Memoir  by  Mr.  Murchison.  Trans,  of  the  Brit.  Assoc., 
Anno  1843. 
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that  certain  shells  which  occur  in  strata  near  Meek lenburgh,  above  the  brown  coal, 
may  be  referred  to  the  calcaire  grossier.  On  the  whole,  therefore,  we  are  disposed 
to  believe,  that  a  large  portion  of  Northern  Germany  and  Poland  is  covered  by 
strata  of  the  same  age  as  those  which  are  considered  Eocene  in  the  basin  of  Mayence. 
The  western  portion  of  our  Map  is  coloured  upon  this  principle  (No.  8). 

In  relation  to  Russia,  there  seems  to  be  no  doubt  that  strata  of  the  older  tertiary 
age  range  up  to  the  city  of  Kief  on  the  Dnieper,  where  one  of  us  has  observed 
them.  Thence,  if  not  continuously  prolonged  to  the  east,  upon  tbc  Dnieper  they 
reappear  at  Butschak,  lower  down  the  same  river,  where  they  were  detected  by 
M.  Dubois' ;  and  in  the  environs  of  Simbirsk  they  have  been  noticed  by  M.  Jasi- 
koff.  By  our  own  observations  we  show  the  presence  of  fossiliferous  deposits  of  like 
age  upon  the  Lower  Volga,  and  thus,  it  is  clear,  that  the  oldest  tertiary  deposits 
strictly  so  termed,  do  exist  in  Russia,  though  their  exact  boundaries  and  limits 
have  yet  to  be  defined. 

Of  the  existence  of  Miocene  deposits  (No.  9.)  there  are  also  abundant  examples, 
in  broad  horizontal  expanses  of  limestones,  marls  and  sands,  which  ranging  from 
the  upper  part  of  the  valley  of  the  Vistula  on  the  west,  spread  out  in  vast  sheets 
over  the  governments  of  Volhynia,  Podolia,  and  Bessarabia,  to  near  the  western 
shores  of  the  Black  Sea  and  the  low  country  north  of  Odessa,  where  they  subside 
beneath  other  deposits  of  a  younger  age.  With  the  detailed  relations  of  such  masses 
throughout  the  greater  part  of  this  low  region,  our  acquaintance  is  chiefly  limited, 
to  the  southern  districts  of  Poland  on  the  west,  and  to  the  neighbourhood  of  Odessa 
and  the  edges  of  the  Black  Sea  and  Sea  of  Azof  on  the  east,  including  parts  of 
the  Crimaea. 

A  glance  at  the  Map  will  show  the  general  line  of  separation  between  the  older 
tertiary  (No.  8.)  and  the  miocene  deposits  (No.  9.).  In  Poland  they  are  divided 
by  an  axis  of  ancient  rocks,  chiefly  Devonian,  which  ranges  from  west-north-west 
to  cast-south-east  in  the  environs  of  Kielce  ;  in  Podolia  and  Volhynia  by  the  gra- 
nitic steppe,  and  still  further  to  the  east  by  the  coal-field  of  the  Donetz.  Agreeing 
with  M.  Dubois  de  Montplreux,  who  has  pointed  out  the  distinctions  in  Volhynia 
and  Podolia,  between  these  two  great  tertiary  zones,  we  regret  that  it  has  not  been  in 
our  power  to  lay  down  their  exact  geographical  limits  throughout  their  entire  range. 
We  simply  propose  to  indicate  natural  groups,  the  exact  boundaries  of  which  can 

>  See  a  letter  of  M.  v.  Bucb,  Bulletin  de  la  Soc.  QeoL  de  France,  vol.  fiL  p.  157  ;  and  Neue*  Jabrbucb 
*on  LeoDb..  &c.  1836,  p.  359. 
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be  defined  only  by  numerous  competent  observers.  If  in  the  table  of  superposition 
(and  in  the  Map),  we  have  endeavoured  to  separate  the  miocene  (No.  9.)  from 
another  group,  Pliocene?,  which  we  term  Aralo-Caspian  (Xo.  10.),  we  must  beg 
our  readers  to  understand,  that  in  a  few  districts  over  which  the  colour  of  the 
younger  deposit  is  extended,  the  older  beds  arc  also  present  in  the  same  natural 
sections.  This  point  will  be  explained  in  the  sequel,  when  we  come  to  separate 
the  deposits  of  oceanic  character  from  those  named  Aralo-Caspian,  which  cover 
such  immense  tracts  in  Asia. 

With  these  prefatory  remarks,  we  may  now  say  a  few  words  upon  each  of  these 
Russian  accumulations. 

I.  Eocene  or  older  Tertiary  (No.  8.  of  Map).—  Sections  have  already  been  cited, 
in  which  beds  equivalent  to  the  calcairc  grossier  and  Loudon  clay,  are  seen  in 
connexion  with  strata  which  we  refer  to  the  upper  part  of  the  Cretaceous  system. 
Amid  vast  spaces  of  Russia  as  yet  little  explored  by  geologists,  there  is  every  reason 
to  hope,  that  notwithstanding  the  superficial  detritus  which  obscures  the  rocks,  and 
the  small  comparative  elevation  of  the  land,  other  sections  will  yet  be  found,  to 
show  more  completely,  both  the  order  of  superposition  and  the  sequence  of  organic 
life,  and  to  indicate  the  existence  in  these  undisturbed  regions,  of  a  passage  from 
the  cretaceous  to  the  tertiary  system. 

In  the  Crima?a,  indeed,  and  particularly  near  its  southern  shores,  where  the  rocks 
are  much  more  elevated  and  clearly  exposed,  the  first  beds  in  natural  ascending 
order  above  the  white  chalk,  are  those  which  contain  Nummulites,  with  Ostrea 
latissima,  and  a  gigantic  Cerithium  :  they  are  classed  byM.  Dubois  with  the  Creta- 
ceous system,  but,  according  to  M.  Huot  and  other  geologists,  are  included  in  the 
tertiary  series.  These  intermediate  beds  are,  it  is  believed,  of  the  same  age  as 
certain  strata  along  the  northern  flanks  of  the  Pyrenees,  the  relative  anti(|uity  of 
which  has  recently  undergone  much  discussion ;  MM.  Dufrenoy  and  E.  de  Beau- 
mont claiming  them  as  appanages  of  the  chalk,  because  they  have  undergone  some 
of  the  great  elevatory  movements  by  which  that  deposit  was  affected,  whilst  their 
opponents  contend,  that  as  they  contain  some  of  th ;  cha  T.cteristic  fossils  of  the  lower 
tertiary  beds  cf  the  basin  of  Paris,  they  must  be  classed  with  that  formation.  As  one 
of  us  only  has  some  personal  acquaintance  with  the  Crimsea,  we  do  not  consider 
this  a  fit  occasion  to  enter  much  into  a  controversy,  which  cannot  be  determined 
without  a  very  circumstantial  appeal  to  facts  and  fossils.  Reference  will,  however, 
be  again  made  to  this  subject,  and  a  thin  band  is  left  in  the  table  appended  to  the 
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Map,  to  show,  that  such  Nummulite  rocks  occur  in  the  Crimsca,  where  they  were 
first  described  by  one  of  us,  subsequently  by  M.  Dubois',  and  also  by  If.  Huot, 
though  we  are  ignorant  of  their  existence  in  the  continent  of  Russia. 

Let  us  pass  then  to  the  consideration  of  beds  which  every  one  will  admit  to  be 
of  tertiary  age.  We  regret  that  in  travelling  through  the  northern  part  of  Poland 
we  had  not  time  to  make  adequate  researches  among  the  tertiary  rocks  which  lie 
between  the  Prussian  frontier  and  Warsaw,  where  deposits  of  brown  coal  and  clay 
are  associated  with  white  calcareoua  clavstones  (Kolin  to  Kola),  in  which  we 
observed  casts  of  Pectens  and  other  shells.  There  can,  indeed,  be  little  doubt, 
that  the  accumulations  of  this  zone,  often  highly  argillaceous,  are  connected  with 
the  tertiary  deposits  of  the  Russian  frontier  upon  the  same  parallel  of  latitude, 
which,  occurring  in  the  environs  of  Grodno  and  around  the  marshes  of  Pinsk, 
extend  to  Kief  and  to  the  south-east  of  that  city.  In  the  tract  between  Grodno 
and  Kremenetz  they  have  been  described  by  M.  Eichwald*,  as  plastic  clays  and 
sands  with  brown  coal,  and  beds  with  freshwater  shells,  which  immediately  sur- 
mounting the  white  chalk,  are  succeeded  by  shelly  limestones. 

The  banks  of  the  river  Styr  near  Lutsk,  and  of  the  Goryn,  offer  numerous  ex- 
amples of  these  beds.  M.  Eichwald  compares  them  with  the  plastic  clays  and 
sands  of  the  Paris  basin,  but  as  he  gives  no  specific  names  to  the  organic  remains, 
we  must  pass  at  once  to  the  adjacent  country  around  Kief,  where  clear  evidences 
have  been  observed. 

In  and  about  the  city  of  Kief  itself,  clays,  sandstone  and  shelly  bands,  which 
have  been  described  by  Professor  Hoffmann 3,  are  characterized  by  a  Cerithium 
closely  allied  to  the  C.  giganteum,  and  an  Ostrea  which  we  cannot  distinguish  from 
the  0  callifera  (Goldf.),  and  hence  we  are  led  to  believe,  that  they  belong  to  the 
older  tertiary  age. 

This  inference  is,  indeed,  completely  sustained  by  the  contents  of  similar  strata 
at  the  adjacent  place  of  Butschak  on  the  river  Dnieper,  where  M.  Dubois  collected 
many  shells  which  have  been  accurately  determined  by  M.  v.  Buch,  according  to  the 
following  list  which  the  latter  has  kindly  commuuicatcd  to  us. 

'  Sec  Voyage  uu  Caucase,  en  Anncni  en  Crim6e,  etc.,  vol.  v. ;  and  Series  v.  of  Illustrations,  pi.  14. 
A  1*0  Voyage  dans  la  Rustic  Mend,  et  la  Crimee,  vol.  ii. ;  and  Mcmoire  sur  la  Crimee,  par  M.  de  Verneuil, 
Mem.  de  la  Soc.  Ucol.  de  France,  vol.  iii.  p.  17-25. 

•'  NaturhUtorische  Skizzc  von  Lithauen,  Volhynien  und  Podolien.    Wilna,  1830. 

*  We  have  not  with  us  whilst  we  write  the  publication  of  M.  Hoffmann.  The  Kief  section  was,  how- 
ever, examined  by  one  of  our  own  party.  Count  Keyserling. 
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Fossils  of  Butschak  on  the  Dnieper,  in  the  Government  of  Kief,  collected  by 
M.  Dubois  and  named  by  M.  von  Buch. 

1.  Tcrcbcllum  fusiforme  (Grignon).    L.C  17.  Solarium  plicatum.    Paris  Baain,  L.C 

2.  Cassidaria  carinata  (Grignon).  L.C. 

3.  Baccinum  strombo'idc  (Grignon). 

4.   Dcsnoyrrai.  Bast.  sp.  Bordeaux,  Tourain«. 

5.  —  reticulatum.    Bordeaux,  Gallicia. 

6.  Roatellaria  fissurclla.    Paris  Basin  and  L.C. 

7.  Tritoniuni  pyraater  (Grignon). 

8.  Pyrula  clathrata  t.  condita.   Dai,  Caaael. 

9.   licvigata.    Paris  Basin,  LC 

10.  Fusua  Burdigalcnais,— a  variety  of  the  F.  cla- 

rellata  of  Grignon. 
It,   funiculosus  (Grignon). 

12.  Cerithiura  Lima  (De»h.).  Paris,  Podolia*,  also 

living  in  the  Mediterranean  and  N.  Atlantic. 

13.  Turritclla  imbricataria.    Pari»  Basin,  L.C. 

14.  Trochua  agglutinans  (Uie  angle  of  the  carina  is 


17.  Solarium  plicatum. 

18.  Voluta  coataria  ((Jrignon). 

19.  Natica  epigtottina.    Paria  Basin,  L.C. 

20.  Fiasui-ella  neglecta.    Tourainc,  Italy,  also  living 
in  the  Mediterranean. 

21.  C'alyptnra  tmcbiformts  (Grignon).  LC. 

22.  Bulla  cyliodrica  (Grignon).  L.C. 

23.  Pectunculus  pulvinatua.    L.C.  and  Paris  I 

24.  Area  barbatula.    Paris  Basin. 

25.  Lucina  radula  (Lam.).  F.xiata  in  the  British  i 
2«.  Crasaatella  cumpreasa  ?  Paris. 

27.  Paatnmobia  muricata,  et  parvenaia,— varieties  of 
the  same  aperies  ( Dubois) . 

28.  Corbia  lamelloaa.    ParU  Basin. 

29.  Corbula  nucleus  (Lam.).  Italy,  Sicily,  Mediterra- 
nean and  British  Seas. 

30.  Vrnericardia  elrgans  (Grignon). 

15.   monilifer.    Paris  Basin,  L.C.  3).  Cardium  nblongum  Grocl.  vcl  sulcatum  (Lam.). 

10.   atriatus  (Gmelin).  Touraine,  Sicily,  aUo  Fossil  in  Italy,  living  in  Mediterranean. 

living  in  the  British  and  Mediterranean  Sea*.         32.    aemigranulatum.    Paria  Basin.  L.C. 

This  group,  adds  M.  von  Buch,  differs  essentially  from  the  shelly  beds  spread 
out  over  Podolia,  particularly  those  of  Bielazurska,  all  of  which  correspond  with 
the  Sub-Apennine  formations  of  Brocchi  in  Italy. 

The  determinations  and  inference  of  M.  von  Buch  are  of  high  value  when  coupled 
with  the  general  description  of  the  region  by  M.  Dubois.  The  latter  has  assured  us, 
that  nothing  can  be  more  dissimilar  in  lithological  aspect  than  the  tertiary  forma- 
tions which  lie  respectively  to  the  north  and  south  of  the  great  granitic  plateau  of 
Volhynia  and  Podolia ;  the  northern  zone  being  in  general  siliceous  and  talcose 
with  clay,  the  southern  eminently  calcareous.  "  This  difference, "  adds  If.  Du- 
bois, "  drawn  from  lithological  characters,  is  still  more  striking  as  based  upon  the 
fossils.  According  to  my  view,  it  is  an  ascertained  fact,  that  the  tertiary  rocks  of 
the  Ukraine  and  of  the  banks  of  the  Dnieper  (upper  part)  are  analogous  to  those  of 
the  basin  of  Paris,  or  what  is  termed  the  lower  tertiary  stage  ;  whilst  that  of  Gallicia 
(Poland),  Podolia,  Volhynia,  &c.  is  of  the  age  of  the  Sub-Apennine  regions,  or 
of  the  middle  tertiary  epoch."  (Letter  to  Mr.  Murchison,  1843.) 

1  The  letters  L.C.  indicate  that  the  fpecies  occur*  also  in  the  London  clay.  Many  of  the**  shells  were 
named  by  M.  von  Buch  at  an  earlier  period.    See  Bull.  deSoc.  Gcol.  de  France,  vol.vii.  p.  157. 

•  See  Ncues  Jahrbuch,  1836,  p.  83,  and  Karsten'a  Archiv.  vol.  vii.  p.  311.  Schneider's  Journey  in 
Volhynia  and  ] 
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The  researches  of  M.  Dubois  have  thus  given  us  a  clear  line  of  demarcation 
between  the  older  and  middle  tertiaries  in  respect  to  those  regions  which  he  has 
traversed. 

Though  unable  to  continue  with  accuracy  the  comparison,  from  the  western 
provinces  described  by  M.  Dubois,  through  the  Ukraine,  we  may  say  from  personal 
knowledge,  that  the  same  contrast  exists  between  these  northern  and  southern 
tertiary  zones  at  the  western  and  eastern  extremities  of  the  great  region  under 
consideration.  At  the  western  end,  we  have  observed  the  siliceous  and  argilla- 
ccous  tertiaries  of  the  plains  of  Poland  to  be  strikingly  different  from  the  calcareous 
shelly  strata  to  the  south  of  the  axis  of  the  Palaeozoic  rocks  around  Kielce  (see 
Map).  Again,  far  to  the  south-east,  where  we  have  no  longer  an  intermediate 
granitic  plateau,  and  where  we  may  consider  the  great  coal  region  of  the  Donetz 
to  be  the  barrier  of  separation,  all  the  younger  deposits  to  the  north  of  it  are 
sandy  and  argillaceous,  whilst  those  of  the  high  steppe  to  the  south  are  eminently 
calcareous.  Here,  however,  geological  distinctions,  founded  upon  fossil  evidences, 
arc  still  wanting,  for  in  the  northern  zone  no  naturalist  has  supplied  them,  and  it 
was  only  in  a  country  much  further  to  the  east,  viz.  upon  the  Volga,  below  Saratof, 
that  we  obtained  proofs  of  the  existence  of  an  older  tertiary  formation  as  rigidly 
determined  by  its  organic  remains. 

Unacquainted  personally  with  any  shelly  tertiary  deposits  in  the  vast  region  lying 
between  Butschak  upon  the  west  and  the  Volga  on  the  east,  we  cannot  pretend  to 
draw  the  line  of  separation,  except  by  general  mineral  characters,  and  we  will  now 
terminate  our  brief  sketch  of  the  older  tertiary  beds  of  Russia  with  an  allusion  to 
certain  deposits  in  the  neighbourhood  of  Simbirsk,  and  a  description  of  the  shelly 
strata  at  Antipofka  on  the  Volga. 

For  an  acquaintance  with  deposits  of  this  age  near  Simbirsk  we  are  entirely  in- 
debted to  \f.  Jasikoff,  who  states,  that  throughout  a  great  portion  of  the  govern- 
ment of  that  name,  the  white  chalk  is  covered  by  siliceous  clays  and  argillaceous 
sandstones,  which  are  surmounted  by  sandstones,  grits  and  quartzoBe  sands,  the 
whole  having  a  thickness  of  about  150  feet.  In  the  lower  or  argillaceous  portion 
of  these  deposits  M.  Jasikoff  cites  one  or  two  known  Eocene  fossils,  such  as  Turri- 
tella  imbricataria  (Lam.),  Nueula  comta  (Goldf.),  and  Turbinolia  elliptica  (Brongn.), 
with  new  species  of  Nucula,  Ostrea,  Pholadomya,  &c.  The  overlying  sands  and 
sandstones  contain  Pcctunculus  pulvinatus,  with  Cythereae  and  Dentalium,  and  much 
silicified  wood,  often  bored  through  by  cylindrical  bodies  (Pholades?). 
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Antipofka  near  Saratof  on  the  Lower  Volga.— The  lowest  beds  of  the  tertiary 
rocks  containing  fossils  in  the  east  of  Russia,  with  which  wc  are  personally  ac- 
quainted, occur  at  intervals  along  the  right  bank  of  the  Volga,  below  the  city  of 
Saratof,  and  notably  at  the  large  village  of  Antipofka,  where  they  were  formerly 
noticed  by  Pallas  as  constituting  a  "  conglomerate  of  shells."  From  the  descrip- 
tion of  that  author,  we  were  disposed,  on  approaching  the  spot,  to  think,  that 
these  shelly  beds,  forming  as  they  do  the  western  edge  of  the  low  steppes  of 
the  Kirghis,  would  prove  to  be  of  very  recent  age,  and  represent  simply  the 
consolidated  shingle  and  shells  of  a  former  Caspian  Sea  which  advanced  to  this 
boundary,  but  examination  soon  taught  us  that  their  organic  remains  belong  to 
the  oldest  tertiary  period.  At  the  base  of  the  low  cliffs  on  which  Antipofka 
Btands,  or  rather  protmding  through  a  talus  of  sand  exposed  in  summer  by  the 
subsidence  of  the  Volga  to  its  lowest  level  (forty  feet  below  the  high  watermark  of 
spring  floods),  the  beds  most  abundant  in  fossils  are  distinguished  by  a  number  of 
large  concretions  from  six  to  eight  feet  long  and  four  and  five  feet  thick  ;  marking 
strata  perfectly  horizontal,  which  arc  made  up  of  a  profusion  of  shells,  cemented 
in  a  gray  sandy  marlstone.  The  accompanying  woodcut  explains  the  succession. 
These  shelly  beds  (a)  are  overlaid  by  yellowish  iron-shot  and  whitish  sands  (A), 
with  bands  of  compact,  dark-coloured  chert,  from  eight  inches  to  one  foot  thick. 
Some  of  the  alternating  courses  consist  of  greensand,  others  are  made  up  of  a 
devious  net-work  of  siliceous,  tubular  forms  which  cross  each  other,  and  in  some 
of  the  softer  sandy  layers  are  casts  of  shells.  The  low  cliff  terminates  in  ascend- 
ing order  in  beds  of  light  blue  marl  passing  into  beds  of  sand  (c),  which  in  many 
parts  are  surmounted  by  drift  and  local  detritus  (x). 

LONGITUDINAL  DETAILED  SECTION  AT  ANTIPOFKA. 

44. 


UvcloflWVolg.. 

i.  Drift  at  Indy  UmiMted  fUj  xvj        of  lw*|  calami,       .,ik  n»  furricn  Artrilu.    IW.      !f  •n.m.uh.  Bo.  toil  I 
to  tfcu  fepout  in  th»  km  oo  Ike  upfouu  Uak  o(  tU  Vu%». 


Among  the  fossils  we  collected  are  CuculUea  decussata  (Sow.),  Pectunculus  ore- 
is  (Sow.),  Venericardia  planicosta  (Sow.),  V.  (n.s.),  Calyptraa  trochi- 
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formis  (Lam.),  Qrassatella  sulcata  (Sow.),  Turrilella  edita  (Sow.),  together  with 
several  unpublished  forms  of  Venericardia,  Lucina,  Venus,  &c. 

In  citing  these  species,  we  should  not  have  relied  upon  our  own  powers  of  iden- 
tifying fossil  shells  from  a  distant  part  of  Russia  with  forms  well  known  in  England, 
had  we  not  been  supported  by  Mr.  James  Sowerby,  who  is  intimately  acquainted 
with  the  fossils  of  the  London  clay,  and  who,  in  addition  to  those  which  he  recognises 
as  decidedly  the  same  species  published  in  his  '  Mineral  Conchology,'  has  assured 
us,  that  an  unpublished  Venericardia  which  we  brought  from  Antipofka,  occurs  at 
Barton  in  the  Hampshire  cliffs.  We  may  add  to  this  zoological  evidence,  that 
there  is  a  remarkable  lithological  agreement  between  the  Russian  and  English  beds, 
for  in  their  concretionary  nature  and  matrix,  these  shelly  beds  of  Antipofka  are 
really  undistinguishable  from  the  masses  of  the  Bognor  rocks  in  which  the  very  same 
shells  occur. 

We  have  previously  expressed  an  opinion  (sec  p.  276  and  woodcut)  respecting 
the  relations  of  these  lower  tertiary  beds  to  the  chalk  and  cretaceous  strata  in  their 
immediate  vicinity.  We  repeat  our  belief,  that  the  shelly  beds  of  Antipofka 
are  connected  with  the  white  chalk  in  the  manner  represented  in  that  woodcut, 
viz.  by  sands  and  grits  which  occupying  an  intermediary  place,  may  in  their 
lower  members  be  classed  with  the  cretaceous  rocks,  whilst  their  upper  parts  gra- 
duate into  the  lower  tertiary  rocks  under  consideration.  A  great  portion,  therefore, 
of  the  sandstones,  which  are  exhibited  in  the  cliffs  of  the  Volga  below  Antipofka,  and 
extending  by  Tzaritzin  to  Sarepta,  are  probably  of  the  older  tertiary  period. 

It  is  also  well  to  observe,  that  the  inferences  we  have  drawn  from  the  structure 
of  this  part  of  Russia,  of  a  passage  from  the  Cretaceous  to  the  Tertiary  system 
(p.  276  et  seq.),  appear  to  be  sustained  by  the  independent  testimony  of  M.  Du- 
bois and  of  M.  Huot',  concerning  the  succession,  structure  aud  contents  of  the 
upper  secondary  and  lower  tertiary  rocks  of  the  Crima?a,  though  neither  of 
these  authors  seem  to  be  of  our  opinion  concerning  a  passage  or  transition, 
which,  indeed,  we  suggested  long  ago  in  reference  to  that  tract*.  They  state, 
however,  that  in  a  tract  full  of  dislocations,  cretaceous  rocks  having  a  peculiar 
mineral  character,  arc  conformably  overlaid  by  a  scries  of  beds  charged  with  Num- 
mulites  and  other  shells,  which,  by  M.  Dubois,  are  grouped  with  the  chalk ;  by 

•  Voyage  cn  Caucasc,  en  Annenic,  la  Crimcc,  etc.,  par  F.  Dubois,  vol.  v.  and  Voyage  dans  la  Ruasie 
Meridionale  et  la  Ciiraee  sous  la  direction  de  M.  A.  DemidofF,  par  M.  Huot,  vol.  ii.  The  first  of  these  author* 
has  ascertained  the  existence  of  true  Eocene  (Paris  and  London)  shells  in  the  tertiary  basin  of  Akhalt- 
sikhc  in  Armenia !    See  Von  Buch,  Bull,  de  la  Soc.  Geol.  de  France,  vol  rii.  p.  157. 

«  See  Mem.  de  la  Soc.  GcoL  dc  France,  vol.  iii.  p.  25. 
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M.  Huot,  with  the  tertiary.  On  the  one  hand,  besides  Nummulites,  these  beds  con- 
tain,  according  to  MM.  Dubois  and  Huot,  the  Spondylus  striates  (Goldf.),  Podop- 
sis  id.  (Brongn.),  a  cretaceous  shell,  and  a  Terebratula,  very  closely  approaching  to 
T.  carnta  of  the  chalk  ;  and  on  the  other,  many  species  of  shells  absolutely  identical 
with  well-known  fossils  of  the  Paris  and  London  basins,  viz.  Ostrea  latissima  (Desh.), 
(0.  giyantea,  Brander),  Cerithium  giganteum,  Tvrritella  imbricataria,  Ovula  tubercu- 
losa, Cardium  porulosum,  Voluta  luctator,  Ampullaria  crassatina,  Sec.  Seeing  this  as- 
semblage of  fossils,  we  cannot  but  agree  with  M.  Huot,  that  these  Crimean  beds  must 
be  classed  as  tertiary.  On  the  whole,  we  consider  their  uppermost  portion  to  be 
of  the  same  age  as  our  shelly  sands  of  Antipofka,  whilst  the  lower  beds  seem  most 
clearly  to  indicate  a  passage  between  the  so-called  secondary  and  tertiary  rocks. 

II.  Middle  Tertiary  Rocks  (Miocene,  8>c.).— We  have  said  that  deposits  of  lime- 
stone, sand  and  marl,  charged  with  sea-shells,  are  largely  spread  over  the  southern 
tracts  of  Russia,  and  that  some  of  them  have  been  compared  by  M.  v.  Buch  with 
the  Sub-Apcnnine  strata  of  Italy.  The  latter  constitute,  in  fact,  the  great  accumu- 
lations of  Podolia  and  Volhynia,  explored  by  MM.  Eichwald  and  Dubois,  whence 
they  extend  into  the  southern  parts  of  Poland  on  the  west,  and  are  prolonged  into 
Moldavia,  Bessarabia,  and  New  Russia  on  the  south  and  east. 

Salt  Deposits  of  Wieliczka. — Judging  from  their  position  on  the  flanks  of  the 
outer  or  lower  Carpathian  chain,  and  from  their  passing  under  the  sands  and  shelly 
beds  which  we  are  about  to  describe,  we  think  that  the  saUferous  deposits  extending 
along  the  outer  edge  of  the  Carpathians,  from  Wieliczka  to  Bochnia  and  Stara-sol, 
constitute  the  lowest  stage  of  this  group.  In  a  work  devoted  to  the  geology  of  Russia, 
it  does  not  pei*haps  strictly  fall  within  our  province  to  treat  of  these  saliferous  depo- 
sits ;  for  they  are  all  included  within  the  Austrian  dominions  ;  but  as  from  their  con- 
tiguity to  the  Russian  frontier  they  are  noted  upon  our  Map,  and  as  we  examined 
them  n  situ,  in  order  to  place  them  in  relation  with  the  adjacent  shelly  tertiary  de- 
posits of  Poland  and  Russia,  we  may  be  permitted  to  express  our  own  opinions  con- 
cerning them  ;  particularly  as  the  fact  of  their  thinning  out  to  the  north  must  be 
considered  of  some  practical  importance.  So  long  as  the  presence  of  rock-salt  was 
supposed  to  be  an  indication  of  the  age  of  the  strata  in  which  it  occurs,  the  saliferous 
strata  of  Wieliczka  were  grouped  with  formations  of  much  higher  antiquity,  in  which 
that  mineral  most  abounds  (New  Red  Sandstone,  &c),  but  the  discovery  of  certain 
shells  in  the  matrix  of  the  salt  of  Wieliczka  has,  for  some  years,  led  geologists  to 
consider  the  deposit  as  of  tertiary  epoch,  though  its  exact  place  in  the  series  has 
not  been  determined.    A  perfectly  correct  view  can,  however,  now  be  taken,  both 
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from  the  character  of  the  shells,  and  from  the  fact,  that  the  saliferous  strata  gra- 
duate into  and  form  part  of  the  tertiary  deposits  of  the  Upper  Vistula,  of  the  age 
of  which  there  can  be  no  doubt.  We  indeed  convinced  ourselves  upon  the  spot, 
that  these  masses  of  salt,  worked  at  great  depths  beneath  the  surface,  are  simply 
great  concretions,  subordinate  to  thick  masses  of  clay,  which  have  been  accumu- 
lated along  the  external  edge  of  the  younger  secondary  rocks  (Gres  des  Carpathes), 
and  formed  subsequently  to  the  elevation  of  the  Carpathian  chain.  In  tracing  their 
outlines  in  the  extensive  subterranean  works  of  Wieliczka,  it  has  been  ascertained, 
that  these  masses  of  salt  (which  are  of  great  diameter  near  the  principal  shafts)  range 
from  west  and  by  north  to  east  and  by  south.  They  constitute,  in  fact,  a  narrow 
band  only,  which  runs  out  in  thin  courses  or  strings  towards  the  north,  where  it  is 
surmounted  by  and  inosculates  with  the  shelly  sands  upon  the  banks  of  the  Vistula. 

A  general  idea  of  these  saline  concretions  and  their  relations  to  the  older  rocks 
upon  the  south,  as  well  as  to  the  tertiary  shelly  sands  upon  the  north,  is  sufficiently 
explained  by  the  accompanying  transverse  section. 

43. 

N.  PUinoflb.  Vi*«J». 

Nurtfwra  block*. 

h7Tr-..~.= v.- 


But  whilst  the  salt  forms,  as  here  represented,  dome-shaped  concretions  which  are 
lost  in  short  spaces  when  followed  to  the  north  or  south,  it  is  more  or  less  continuous 
in  ellipsoidal  masses  for  many  leagues  in  a  direction  from  west  by  north  to  cast  by 
south.  In  other  words,  the  salt,  by  whatever  cause  produced,  has  been  formed  along 
an  ancient  coast  of  the  Carpathian  mountains,  the  lower  hills  of  which,  consisting 
of  greensand  (Gres  des  Carpathes),  advance  and  form  their  southern  boundary. 

Among  the  shells  of  Wieliczka  the  Nucula  comta  (Goldf.)  is  abundant,  and  is  asso- 
ciated withMilliolites  and  other  very  minute  forms  with  which  we  are  not  acquainted, 
as  well  as  with  teeth  of  fishes  and  fossil  wood.  Again,  the  Rinyicula  buccinea  (Desh.) 
was  pointed  out  to  us  by  Professor  Zeuschner  in  the  very  body  of  the  salt ',  and  as 
this  shell  occurs  in  profusion  in  the  adjacent  sands  of  the  Vistula,  deposits  to  which 
we  shall  presently  allude,  there  can  be  no  doubt  that  the  salt  of  Wieliczka  is  not  only 


'  Professor  Zeuschner  having  sent  a  mass  of  rock-salt  with  shells  in  it  to  Professor  Philippi,  the  latter 
dissolving  the  matrix  discovered  in  the  residue  forty  species  of  animal  remains  !  viz.  5  Zoophytes.  14  Pa- 
lythakuntt,  1  Echinus,  1  Serpula,  7  Conchifert,  8  Univalves,  and  3  Crustaceans.  Neues  Jahrbuch, 
Leonhardt  and  Bronn,  1843.  p.  568.  Professor  Pbilippi  identifies  a  Cerithium  with  the  C.  Lima  (Brag.) 
r  living  in  the  1 
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of  miocene  age,  but  perhaps  even  of  the  upper  portion  of  the  Sub-Apennine  group, 
as  the  Ringicufa  buccinea  which  it  contains  is  a  pliocene  and  recent  as  well  as  a 
miocene  species.  More  accurate  comparisons  may  indeed  prove  these  salt  de- 
posits to  have  been  formed  at  precisely  the  same  period  as  the  upper  blue  marls  of 
Savona  and  other  parts  of  Italy. 

Shelly  Sands  of  the  Upper  Vistula  and  its  Tributaries,  Korinitza,  8fC. — We  did  not 
trace  in  detail  the  various  beds  containing  tertiary  shells  which  occur  at  intervals 
upon  or  near  to  the  banks  of  the  Vistula  below  Cracow,  where  they  form  low  hills, 
for  the  most  part  composed  of  sandy  and  incoherent  strata.  Guided  by  Professor 
Zeuschner,  we  at  once  repaired  to  a  good  and  well-known  shelly  locality  called 
Korinitza  on  the  Xida,  a  tributary  of  the  Vistula.  Here  we  observed  that  the  sands 
arc  more  calcareous,  passing  occasionally  into  cream-coloured  sandy  limestone, 
which  seemed  to  rest  upon  marls  and  clays.  There  are,  however,  few  good  vertical 
sections  of  these  slightly  coherent  and  irregularly  distributed  masses,  which  rise  on 
the  whole  to  heights  of  1 50  to  200  feet  above  the  adjacent  river  Nida,  reposing 
upon  Jurassic  strata  of  white  limestone,  which  is  loaded  with  fossils.  The  tertiary 
shells  lie  about  in  profusion  on  the  surface  of  the  arable  land,  and  are  also  found  in 
calcareous  marlstones  and  sands  in  small  ravines  to  the  north  and  west  of  the  little 
village. 

Though  we  might  at  once  satisfy  our  readers  concerning  the  age  of  these  ter- 
tiary shells  by  referring  them  to  the  works  of  Pusch1,  in  which  some  of  the  species 
are  published,  we  think  it  desirable  to  confirm  and  extend  his  authority  by  annex- 
ing the  following  list  of  the  shells  we  procured  upon  the  spot ;  in  naming  which  we 
have  had  the  assistance  of  M.  Deshaycs  and  Mr.  Morris. 


Shell*  mm  at  Kobikitia  M  Poland.  Other  Localities. 

Nalica  glaucina,  Lin*.   Vienna,  Bordeaux,  Volhynia. 


liringinlkeMc 


Turritella  Arrhimedia,  Rrong.  t.  8.  f.  8    Bordeaux,  Vienna,  Volhynia. 

—  turru,  Ba$l.  t. 1 .  f.  1 1   Bordeaux. 

Ancillaria  conoidia,  DhA.  Edcv  Meth.  p.  44.  No.  8  » 


—  retkulatum,  Vubcit  (nonBrocthi  nec  Linn.) 


Volhynia. 


1  Polcn'a  Pda-ontologie.    Warsaw.  1837. 
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SlItLLS  FOCXD  AT  KoRlNITZA  I)*  POLAND.  OtHHH  LOCALITIES. 

_     .  .  .  „      , .  r  Vienna,  Sub-Apennines.  English  crag.  Si- 

Bucciuum  semutriatum,  Broreht   1  •  , 

L      ril.ua  beds,    htill  living  I 

—  costulaturn,  RrorcAi   Vienna.  Sub-Apennines. 

Sub-Apennines. 

Nassa  c<>lumboides.  Butt.  t.  2.  f.  (1   Bordeaux.  Vienna. 

Cassis  tcxta,  firotro.  Dubois,  1. 1 .  f.  4,  5  ...  Vienna.  Volhynia? 

—  ltal.cn,  Drih.  :  Bun:.  Ita).  Brocchi)   Sub- Apennines. 

RosteUaria  pcs-carbiinis.  Brtmt/.  t.  4.  f.  3   Vienna,  Bordeaux,  Volhynia. 

Cancellana  vancosa,  Brotchi   Vienna,  ! 

—  uniangulata,  /)«*.  Encycl.  Method,  p.  181.  No.  5.  ...  Asti. 

—  rnitrteformis,  Andrriuftiy,  Bull,  de  Moscou   \olbynia. 

Murex  spinicosta.  Brag.,  M.  triacanthus,  Um„  Pusch,  ■>  Vjrnn> 

t.  II.  f.  20  /  l<,nD*' 

—  plicatU9.  Bsoccki   

Triton  arfinis,  /JesA,  ...•..■•■•■•..■•.................*•■•..*,.•••  Mo 

Ranella  roarginata,  Linn   Vienna. 

Fusus  Stutzii,  Partteh   Vienna. 

—  Zahlbruckneri,  Parluh   Vienna. 

Kasciolaria  Polunica.  Piurk,  t.  12.  f.  2    Vienna. 

Pleurotoma  tuberculosa.  Bail.  t.  3.  f.  11    Vienna,  Bordeaux. 

—  interrupta,  Brvrrki   Sub-Apennines. 

Pyrula  rusticola.  Bail.  t.  7.  f.  9    Bordeaux,  Vienna. 

Cerithium  aleocoides,  Brarthi    Vienna. 

Cytherea  multilamella.  Lam   Vienna,  Rome. 

Area  diluvii.  Lam   Vienna,  Bordeaux,  Volhynia,  Touraine. 

In  addition  to  these  thirty-three  species,  all  well  known  in  other  parts  of  Europe, 
one  or  two  forms  only  of  our  collection,  including  a  Natica,  seem  to  have  been 
undescribed,  and  the  list  therefore  most  clearly  establishes,  that  the  tertiary  accu- 
mulations of  the  Upper  Vistula,  Wieliczka,  &c,  which  range  along  the  northern 
flanks  of  the  Carpathians,  are  of  miocene  age,  and  perfectly  analogous  to  certain 
deposits  of  the  Sub-Apennines  in  Italy  and  the  basins  of  Vienna  and  Bordeaux. 

Miocene  Deposits  in  Southern  Russia. — Strata  similar  to  these  just  mentioned, 
and  containing  a  similar  group  of  fossils,  extend  through  Volhynia,  Podolia,  &c, 
where  they  have  been  described  by  MM.  Eichwald,  Dubois,  and  other  geologists, 
and  have  more  recently  been  observed  by  M.  Hommaire  de  Hell  in  Bessarabia. 
M.  Dubois,  however,  was  the  first  author  who  showed,  by  the  publication  of  his 
work 1  upon  the  fossil  conchology  of  the  plateau  of  Volhynia  and  Podolia,  accom- 
panied by  illustrative  plates,  that  this  great  mass  of  shelly  deposits  was  the  equi- 
valent of  the  beds  of  the  Sub-Apennines  and  of  Bordeaux.  In  sustaining  this 
view  by  the  examination  of  adjacent  and  similar  strata  in  Poland  and  along  the 

'  Conchiologic  Fosailc  du  Plateau  Wolhyui-Podolien.    Berlin,  1831. 
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northern  shores  of  the  Sea  of  Azof,  we  would  also  extend  the  parallel  to  the  ba- 
sins of  Vienna  and  Hungary. 

M.  Dubois  divides  hi*  tertiary  deposits  into  four  stages  in  the  following  ascending  order.  I.  Clay  and  plastic 
clay.  'I.  Marine  sand  and  sandstone.  3.  Oolite  and  Cerithium  limestone.  4.  Serpultne  limestone,  with  marine 
calcaire  grosier,  lignites  and  freshwater  limestone  being  occasionally  associated.  Of  these  bands  the  sandybeds 
No.  2  appear  to  be  in  that  region  by  far  the  richest  in  organic  remains ;  since  out  of  1 10  species  of  shells  which 
he  describes,  ninety-two  are  found  in  them,  among  which  are  many  of  those  which  we  have  cited  from  Korinitza 
in  Poland.  From  M.  Dubois's  description,  we  are  strengthened  in  our  belief,  that  the  oolite  is  merely  a  dependent 
member  of  the  same  group ;  for  although  it  contains  Ccrithii  and  species  which  he  did  not  detect  in  the  under- 
lying sands,  it  is  evident,  that  it  is  a  continuation  of  the  same  marine  series. 

The  fourth  member  above  mentioned,  Scrpuline  limestone  and  marine  calcaire  grnssier,  is  called  by  M.  Dubois 
a  quaternary-  formation.  As  he  shows  that  this  is  clearly  an  overlying  deposit,  occasionally  of  great  thickness, 
and  as  it  contains  Cardium  litkopodolicnm.  with  Mylili  and  other  forms  closely  approarhing  to  those  of  the 
Black  Sea,  it  is  probably  of  true  pliocene  age,  and  ought  in  any  detailed  work  to  be  separated  from  the  mincene 
rocks  under  consideration.  In  our  general  Map,  however,  wc  group  together  such  tertiary  deposits,  whether 
miocene  or  pliocene,  so  long  as  the  oceanic  character  prevails  in  each  of  them. 

To  beds  of  probably  the  same  age  as  the  upper  marine  division  of  M.  Dubois, 
we  shall  hereafter  allude,  in  mentioning  certain  deposits  of  the  Crimsea  and  of 
Bessarabia. 

In  the  Museum  of  Warsaw  many  specimens  were  pointed  out  to  us  by  Pro- 
feasor  Yarocki,  from  various  localities  in  Podolia,  which  served  to  convince  us, 
that  all  the  tertiary  deposits  of  that  region  are  of  the  same  age  as  those  of  the 
Vistula  and  the  Nida.  Many  of  these  shells  occur  in  the  tract  between  Yampol 
and  Vienitza,  at  Machnufka,  &c.  They  lie  for  the  most  part  in  earthy  greensand, 
and  have  often  preserved  their  colours  like  recent  specimens 

The  oolite  of  this  age  often  becomes,  as  in  Lower  Styria*,  a  fine-grained  mass, 
lithologically  undistinguishable  from  English  and  French  varieties  of  the  great 
oolite  of  Jurassic  age.  Our  former  description  of  this  rock  in  Styria,  written  thir- 
teen years  ago,  may,  indeed,  serve  to  explain  its  nature  in  the  south  of  Russia. 
"  Some  of  the  spherules  are  hollow,  but  others  are  arranged  about  grains  of  semi- 
crystalline  calcareous  matter,  or  particles  of  sand.  The  beds  of  true  oolite  are 
overlaid  by  irregular  concretionary  masses,  partly  oolitic,  which  alternate  with 
unctuous  sandy  marl.    Some  of  these  concretions  are  amorphous  ;  some  assume 

'  According  to  Professor  Yarocki,  the*e  fossils  were  chiefly  collected  by  the  Polish  naturalists  who 
assisted  Professor  Eichwald  in  his  survey  of  Volhynia  and  Podolia;  M.  Xborzewski  a  foseilist,  and  M. 
Andraejowski  a  zoalogUt.  In  mineralogy  and  botany.  Professor  Eichwald  was  assisted  hy  MM.  Jako- 
wicki.  Gorski  and  Zienowicz. 

*  Geological  Transactions,  toI.  iii.  p.  397  tt  ttq. 


Digitized  by  Go 


MIOCENE  LIMESTONE  OF  TAGANROG. 


295 


contorted  tubular  forms  ;  others  are  finely  laminated."  Like  the  tertiary  oohtes 
of  Styria  and  Hungary, — which  from  a  profusion  of  fossils  we  then  showed  to  be- 
long to  the  upper  tertiary  group  of  Austria,  so  are  those  of  Bessarabia  and  Southern 
Russia,  simply  an  eastern  prolongation  of  deposits  formed  at  the  very  same 
period,  and  in  a  sea  which  must  then  have  had  a  very  wide  diffusion.  In  Styria 
and  Hungary  these  oolites  inosculate  with  calcareous  sands,  clays  and  marls  through 
thicknesses  of  several  hundred  feet ;  but  there  volcanic  action  has  been  rife,  and 
the  strata  have  been  heaved  up  and  clearly  exposed,  whilst  in  the  undisturbed 
plains  of  Russia  we  can  scarcely  surmise  what  their  vertical  thickness  may  be, 
judging  from  a  few  partial  sections  only  on  the  banks  of  the  chief  rivers. 

M.  Hommaire  de  Hell,  a  French  engineer,  has  shown  us  specimens  from  Kichenef 
in  Bessarabia,  which  are  identical  with  those  of  Yatnpol  in  Podolia,  or  of  Poppendorf 
and  Radkersberg  in  Lower  Styria,  and  we  know  that  similar  tertiary  rocks  extend  to 
Taganrog  and  even  into  other  tracts  beyond  the  region  of  our  own  researches.  We 
do  not  pretend  to  say  that  this  peculiar  rock  occupies  a  well-defined  place  in  the 
tertiary  series.  Indeed  we  are  disposed  to  think,  that  like  the  oolitic  masses  in 
the  secondary  rocks,  which  in  some  places  arc  of  great  vertical  dimensions,  and  in 
others  disappear,  this  oolite  occurs  in  concretions  only,  expanding  and  contract- 
ing within  certain  horizontal  distances  j  but  we  are  convinced,  that  wherever  it 
has  been  observed,  whether  in  Austria,  Hungary,  or  Russia,  it  is  included  in  de- 
posits which  belong  to  the  miocene  group,  sometimes  the  upper  part. 

On  the  Dniester  in  Podolia  the  tertiary  strata  in  question  repose  at  once  (ac- 
cording to  M.  Hommaire)  upon  the  older  or  palaeozoic  rocks,  and  are  covered  by 
gypmtm.  Major  Blode,  as  we  understood  him,  seems,  on  the  contrary,  to  connect 
the  gypsum  of  those  regions  with  the  chalk  rather  than  with  the  tertiary  deposits, 
and  this  also  is  the  view  of  M.  Pusch.  Not  having  visited  Podolia  our  opinion 
must  go  for  little  ;  but  having  satisfied  ourselves  that  the  salt  of  Wieliczka  is  of 
as  recent  an  age  as  the  great  gypsiferous  masses  of  Sicily,  we  confess  that  we  lean 
to  the  opinion,  that  the  gypsum  of  the  Dniester  belongs  also  to  that  epoch. 

Limestone  of  Taganrog. — Allusion  has  already  been  made  to  the  difficulty  of 
neatly  defining  upon  the  Map,  the  fine  of  separation  between  the  beds  of  which 
we  are  now  speaking,  and  certain  younger  shelly  beds  and  limestones  of  the 
steppes.  In  the  enormous  space  of  Southern  Russia  as  yet  unexamined,  numerous 
junctions  may  be  detected,  between  these  inferior  and  often  oolitic  members  of  a 
sandy  calcareous  group,  and  the  beds  we  are  about  to  describe.    Such  an  order 
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of  superposition,  exposing  strata  of  different  age  in  the  same  vertical  section,  is 
seen  at  Kichenef  in  Bessarabia'. 

But,  to  confine  our  remarks,  in  the  first  instance,  to  tracts  which  we  have  visited, 
it  may  be  stated,  that  even  with  our  limited  time,  we  observed  certain  natural 
junctions  in  the  tertiary  series  which  distinctly  proved,  that  the  purely  marine  beds 
of  which  we  are  treating,  lie  beneath  the  peculiar  steppe-limestone  to  which  we 
shall  next  call  attention.  The  sections  of  the  low  hills  to  the  north  of  the  Sea 
of  Azof  establish  this  succession.  The  strata  exposed  at  the  level  of  the  Sea  of  Azof 
on  its  northern  shore  and  at  the  town  of  Taganrog,  are  unquestionably  of  date  an- 
terior to  the  shelly  limestones  of  the  adjacent  hills  of  Rostock  and  NovoTcherkask, 
by  which  they  are  distinctly  overlaid,  as  expressed  in  the  woodcut  of  the  following 
page. 

4C. 
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m.  I'pptr  mtocrve  lisicvtooc. 

In  this  woodcut  the  mioccne  limestone  of  Taganrog  is  seen  to  be  overlaid  by  nuviatilc  shells  in  wind 
and  by  detritus  containing  the  bones  of  Mammoth*.  &c.  The  geologist  will  at  once  Bee,  that  these  last- 
mentioned  deposit*  have  no  connection  with  the  tertiary  succession  under  review  ;  they  will  necessarily 
be  considered  in  a  separate  part  of  this  work. 

The  lowest  and  perfectly  horizontal  beds  (a),  as  seen  along  the  quays  of  Ta- 
ganrog, are  light  buff-coloured  limestone,  in  beds  from  two  to  three  feet  thick.  This 
rock,  in  parts  cavernous,  and  in  parts  oolitic,  is  there  so  stained  with  ferrugi- 
nous matter  as  to  resemble  the  hard  beds  of  English  crag,  whilst  in  other  examples 
it  may  be  lithologically  compared  to  the  best  white  building-stones  of  the  calcaire 
grossicr  of  Paris.  Among  the  fossils,  which  are  very  abundant,  we  observed  three 
species  of  Cardium,  one  of  which  we  will  describe  under  the  name  of  C.  Fittoni, 

1  There  seems  to  be  no  doubt,  that  the  fossils  collected  by  M.  Hommnire  from  Kichenef  and  that  part 
of  Bessarabia,  some  of  which  we  have  seen,  differ  to  some  extent  from  those  from  Poland,  Volhynia  and 
Podolia.  of  the  true  miocene  type.  Like  the  shells  of  Taganrog,  they  appear  to  form  a  passage  from 
miocene  to  pliocene,  and  to  be  immediately  subjacent  to  the  Aralo-Caspian  deposits.  The  exact  limits, 
therefore,  between  the  two  formations  throughout  this  western  region,  cunnot  be  precisely  laid  down  upon 
our  Map,  and  in  referring  to  it  our  readers  must  understand,  that  over  a  considerable  area  in  Bessarabia 
and  the  adjacent  countries,  the  miocene  marine  strata  are  occasionally  overlapped  by  and  pass  into  what 
■  Aralo-Caspian  or  its  equivalent. 
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and  with  them  Buccinum  dissitum,  Mactra  ponderom  (Eichw.),  two  6pecics  of  Turbo, 
and  some  minute  marine  univalves. 

Upon  the  whole,  the  aspect  of  these  shells  conveyed  to  us  the  idea  that  they  are 
not  of  remote  age,  and  probably  upper  miocene  ;  but  being  all  of  marine  or  oceanic- 
origin,  and  not  approaching  very  nearly  to  existing  forms,  they  are  clearly  to  be 
distinguished  from  those  remains  which  occur  in  the  higher  limestone  of  the 
adjacent  hilly  steppe.  To  this  deposit,  which  borders  the  Sea  of  Azof  and  Black 
Sea,  and  extends  over  a  prodigiously  large  region  upon  the  east,  we  now  beg  spe- 
cially to  direct  the  attention  of  our  readers. 

Ill  Aralo-Caspian  or  Steppe  Limestone — the  Relic  of  a  great  former  Eastern  Me- 
diterranean.— The  tertiary  strata  we  have  been  considering,  whether  of  Eocene 
and  Miocene  age,  or  passing  from  the  latter  into  Pliocene,  are  to  be  viewed 
on  the  whole  as  widely  spread  marine  formations  which  have  been  accumulated 
in  true  oceanic  seas  or  their  estuaries.  The  formation  we  have  now  to  con- 
template is  strikingly  dissimilar,  in  offering  throughout  one  of  the  largest  basins 
in  the  world,  an  uniformity  of  peculiar  characters  which  separates  it  decisively 
from  any  tertiary  deposits  of  Western  Europe.  This  peculiarity  consists  in  the 
imbedded  fossils  being  analogous  and  to  a  great  exteut  identical  with  those  of  the 
present  Caspian  Sea,  in  which  the  univalves  (with  the  exception  of  one  doubtful 
species  of  Rissoa)  are  of  freshwater  origin,  associated  with  forms  of  Cardiacea?  and 
Mytili  which  are  common  to  partially  saline  or  brackish  waters. 

This  distinguishing  feature,  then,  of  the  present  Caspian  prevails  throughout  all 
the  enormously  developed  tertiary  formations  of  the  southern  and  south-eastern 
steppes  (European  and  Asiatic),  and  leads  at  once  to  the  conviction,  that  during 
long  periods  antecedent,  as  will  be  hereafter  explained,  to  the  historic  a?ra,  a  vast 
region  of  Europe  and  Asia  was  covered  by  a  Mediterranean  Sea  of  brackish  water, 
of  which  the  present  Caspian  is  the  diminished  type.  (See  Nos.  10  and  10*  of  Map.) 
To  render  the  distinction  between  these  accumulations  and  all  others  clear  and 
unambiguous,  we  have  adopted  the  term  Aralo-Caspian,  first  applied  in  a  geogra- 
phical sense,  by  our  great  precursor  Humboldt,  to  this  region  of  the  globe. 

With  the  remoter  limits  of  this  former  Mediterranean  we  are  necessarily  un- 
acquainted. Judging  from  the  recital  of  travellers  and  from  specimens  of  the 
rock,  we  have  no  doubt  that  it  extended  to  Khivah  and  the  Aral  Sea ;  beyond 
which  the  low  level  of  the  adjacent  eastern  deserts  would  lead  us  to  infer,  that  it 
spread  over  wide  tracts  in  Asia  now  inhabited  by  the  Turkomans  and  Kirghis,  and 
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was  bounded  only  by  the  mountains  of  the  Hindoo  Kusk  and  Chinese  Tartary.  On 
the  north-east,  north  and  north-west,  however,  we  have  ourselves  to  a  great  extent 
traced  its  boundary,  as  constituted  by  the  palaeozoic  and  secondary  rocks  of  Oren- 
burg, the  extremity  of  the  Ural  chain,  the  cretaceous  and  older  tertiary  deposits  on 
the  right  bank  of  the  Volga,  and  the  low  hills  of  the  Don  Cossacks  :  whilst,  along 
the  northern  shore  of  the  Sea  of  Azof  and  the  northern  and  western  coasts  of  the 
Black  Sea,  the  Aralo-Caspian  strata  are  here  and  there  seen  to  be  underlaid,  as  at 
Taganrog,  by  the  tertiary  oceanic  beds  which  have  just  been  described.  Of  the 
southern  boundary  of  this  eastern  Mediterranean,  our  personal  knowledge  does  not 
range  beyond  the  northern  slopes  of  the  rocky  ridge  of  the  Crimea  and  the  penin- 
sula of  Taman. 

Pallas,  the  6rst  propoundcr  of  the  belief  in  a  great  inland  retired  sea,  as  well  as 
several  of  his  successors,  have  ascertained  that  similar  deposits  occupying  the 
northern  edge  of  the  Caucasus,  cover  a  great  part  of  the  isthmus  between  the  Black 
and  Caspian  Seas,  and  we  now  know  from  MM.  Eichwald  and  Dubois,  that  they 
spread  over  the  country  of  Daghestan,  a  part  of  the  low  region  east  of  Tiflis,  and 
form  the  southern  coasts  of  the  present  Caspian,  beyond  the  limits  of  our  Map. 
Throughout  this  enormous  area  scarcely  any  other  strata  are  visible,  except  those 
which  arc  charged  with  the  relics  of  a  former  brackish  sea,  analogous  to  and  often 
identical  with  species  now  inhabiting  the  present  Caspian. 

By  examination  of  the  eastern  tract  of  the  Crimea  (Kertch,  Taman,  &c.)  and  the 
shores  of  the  Black  Sea,  we  satisfied  ourselves  that  the  chief  strata  of  these  loca- 
lities were  formed  beneath  the  same  waters :  and  judging  from  the  organic  remains 
collected  from  numerous  points  of  the  whole  area,  there  can  be  no  sort  of  doubt, 
that  all  the  masses  of  water  now  separated  from  each  other,  from  the  Aral  to  the 
Black  Sea  inclusive,  were  formerly  united  in  this  vast  pre-historical  Mediterranean  ; 
which  (even  if  we  restrict  its  limits  to  the  boundaries  we  already  know,  and  do 
not  extend  them  eastward,  amid  low  regions  untrodden  by  geologists)  must  have 
exceeded  in  size  the  present  Mediterranean  ! 

If  towards  the  close  of  this  work  we  venture  to  throw  out  a  few  speculations  con- 
cerning the  more  active  causes  by  which  the  relations  of  land  and  water  have  been 
changed,  and  by  which  this  former  expanse  of  water  has  been  since  converted  into 
dry  land,  and  separated  into  distinct  seas  now  occupying  different  levels,  our  present 
object  must  be  to  describe  the  nature  of  the  strata,  their  imbedded  contents,  and 
the  altitudes  at  which  they  now  lie.  In  so  doing  we  shall  also  endeavour  to  show, 


Digitized  by  Google 


SECTIONS  IN  THE  COUNTRY  OF  THE  DON  COSSACKS. 


'299 


by  the  physical  features  of  this  region,  that  such  desiccation  must  have  resulted 
from  at  least  two  great  movements  of  upheaval ;  by  the  first  of  which  the  lime- 
stones which  occupy  the  hilly  coasts  of  the  Black  Sea,  Sea  of  Azof  and  Caspian, 
and  large  tracts  between  that  sea  and  the  Aral,  must  have  been  consolidated  and 
left  dry  ;  so  as  to  form  the  shores  of  an  inland  sea  of  posterior  date,  which  though 
separated  from  the  Aral,  still  spread  over  the  great  steppe  north  of  Astrakhan,  and 
covering  the  low  steppe  of  the  Caucasus  and  the  isthmus  of  Perecop,  connected  the 
sea  of  Azof  and  the  Black  Sea  with  the  present  Caspian.  We  have,  indeed,  en- 
deavoured to  mark  this  succession  upon  the  Map',  first,  by  a  rich  yellow  colour 
No.  10.,  to  indicate  the  earliest  period  of  this  Aralo-Caspian  brackish  sea  when 
it  covered  its  greatest  area ;  secondly,  by  a  diminished  tint  of  the  same  colour  (10'), 
showing  a  more  recent  period  of  desiccation,  when  the  Caspian  and  Black  Seas 
were  still  united,  but  when  the  Caspian  and  Aral  were  separated  by  the  high  inter- 
vening plateau  of  the  Ust-Urt. 

Aralo- Caspian  or  Steppe  Limestone. — It  is  to  this  formation,  for  the  most 
part  we  presume  of  Pliocene  age,  that  we  refer  the  strata,  which  occur  at  Novo 
Tchcrkask,  and  under  the  name  of  Steppe  Limestones  occupy  a  large  portion  of  the 
hills  before  referred  to,  at  heights  of  200  or  300  feet  above  the  sea  (see  woodcut, 
p.  296).  Novo  Tcherkask,  the  new  and  spacious  capital  of  the  Don  Cossacks,  is  to  a 
great  extent  built  of  a  rock  of  this  age,  which  is  there  excavated  to  a  depth  of  twelve 
or  fifteen  feet,  showing  sands  both  above  and  beneath  it.  This  rock  is  of  a  ginger- 
bread colour,  and  is  made  up  of  a  mass  of  broken  shells,  so  as  still  more  to  resem- 
ble the  English  crag  than  the  inferior  marine  beds  of  Taganrog.  It  may  also  be 
compared  in  lithological  aspect  with  the  large  cavernous  shelly  secondary  oolite  of 
Barnock,  near  Peterborough  in  England,  like  which  it  may  prove  a  durable  and 
good  wearing  stone  though  full  of  cavities  *. 

The  shells  which  characterize  the  rock  at  Novo  Tchcrkask  are — the  same  small 
Cardium  sulcatinum  and  C.  incertum  (Desh.),  described  by  one  of  us  from  Odessa 

1  In  defining  the  range  of  the  steppe  limestone  on  a  Map  of  the  scale  which  we  have  prepared,  it  is  to 
be  again  observed  that  along  the  edges  of  the  younger  deposit  a  few  localitiee  are  included  at  or  near  which 
the  antecedent  marine  formations  are  also  occasionally  apparent  as  subjacent  rocks ;  for  example,  in  the  low 
cliff*  of  Tnganrog,  where  the  steppe  or  younger  limestone  occupies  the  adjacent  cliffs  or  hills.  Similar 
examples  of  superposition  or  passage  may,  for  aught  we  know,  occur  at  numerous  other  localities,  and  all 
that  we  have  it  in  our  power  to  effect,  is  an  approximation  to  the  real  border*  of  the  vast  area  in  Russia, 
over  which  the  brackish  or  Aralo-Caspian  waters  once  extended. 

•  This  steppe  limestone,  whether  extracted  at  Novo  Tcherkask  or  Odessa,  is  easily  cut  in  the  quarries, 
bat  hardens  in  the  atmosphere. 


300 


STRATA  OF  THIS  AGE  AT  ODESSA  AND  IN  THE  CRIMEA. 


and  Kamiusch  Burun  at  the  eastern  extremity  of  Crima-a, — another  species  of 
Cardium  of  this  steppe-limestone — undistinguishable  from  the  C.  pseudo-cardium 
(Desh.),  which  we  found  living  in  the  Lake  Akcrman  near  the  Dniester,  and  a  very 
small  Mytilus  (Drcissena),  which  with  a  Paludina  constitute  whole  bands  of  stone, 
the  shells  being  in  general  triturated  and  cemented  into  a  porous  mass. 

From  the  character,  then,  of  its  imbedded  shells,  it  is  evident  that  this  limestone 
was  deposited  in  brackish  waters,  and  from  its  occurrence  at  numerous  places,  where 
it  forms  the  shores  of  the  lower  steppes,  it  must  have  occupied  a  vast  area.  Within 
the  limited  scope  of  our  own  researches,  we  observed  it  ranging  eastward  as  far  as 
Lepatinsk  on  the  Don,  about  100  versts  from  Novo  Tcherkask,  where  it  caps  a 
cliff  about  120  feet  high,  and  where,  having  a  thickness  of  thirty-six  feet,  it  reposes 
upon  incoherent  sands  with  yellow  courses  of  about  forty  feet,  beneath  which  are 
beds  of  siliceous  sands  and  sandstones,  undistinguishable  from  those  we  have  before 
mentioned  as  covering  the  white  chalk  in  other  parts  of  Russia.  Such  sandstones, 
generally  yellowish- white,  and  crumbling  into  fine  glassy  sand,  occupy  the  pro- 
montories on  the  right  bank  of  the  lower  part  of  the  Volga,  and  from  Sarepta  ex- 
tend along  the  right  bank  of  the  Sarpa  where  we  examined  them.  Associated  with 
some  marls  and  occasional  limestone,  they  constitute,  in  fact,  the  western  and 
northern  shore  of  the  vast  lower  steppe  of  the  Kalmucks,  and  in  that  sense  we  shall 
hereafter  allude  to  them.  We  have  before  us  a  manuscript  description  of  these 
sandstones  written  by  Mr.  Strangways  many  years  ago,  in  which  their  eroded  surface 
and  concretionary  structure  are  well  described.  Whether  near  Sarepta  on  the 
Volga,  or  on  the  southern  edge  of  the  granitic  steppe  of  the  Dnieper  extending  west- 
wards to  Poland,  they  seem  to  constitute  the  oldest  portion  of  these  tertiary  rocks, 
and  to  be  succeeded  by  the  steppe  limestone.  In  some  instances,  near  Sarepta, 
as  Mr.  Strangways  well  observed,  they  present  striking  appearances  of  false  strati- 
fication or  cleavage  oblique  to  the  chief  horizontal  beds.  From  our  own  acquaint- 
ance with  them  we  are  unable  to  assign  the  relative  age  of  all  these  sandstones, 
occurring  as  they  do  at  remote  distances  from  each  other.  In  the  absence  of  or- 
ganic remains,  we  cannot  presume  to  decide,  whether  they  ought  to  be  classed  with 
the  Miocene  or  Pliocene  deposits,  or  whether  they  occur  in  both  of  these  subdi- 
visions. Some  of  them  have,  indeed,  been  already  alluded  to  as  being  of  the  Eocene 
or  older  Tertiary  age.  In  truth  we  have  already  stated,  that  in  many  districts  the 
development  of  both  the  cretaceous  and  tertiary  rocks  is  so  arenaceous,  that  we 
are  incapable  of  drawing  clear  lines  of  separation  between  them. 
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To  return,  however,  to  the  true  Aralo-Caspian  strata,  we  consider  the  chief  masses 
of  white  limestone  occupying  the  low  hills  to  the  south  of  the  coal  region  of  the 
Donetz,  and  ranging  by  Mariopol  to  Odessa  and  thence  into  the  lower  country  of 
Bessarabia  on  the  western  shores  of  the  Black  Sea,  to  be  of  this  age.  We  place 
upon  the  same  parallel  the  upper  shelly  strata  described  in  the  Crimsea,  including 
the  chief  limestones  around  Kertch,  and  the  deposits  of  the  cliffs  of  Kamiusch 
Burun  and  Taman,  and  also  the  limestones  on  the  northern  and  western  shores 
of  the  Black  Sea. 

We  would  here  refer  our  readers  who  seek  for  the  details  of  the  formation  in 
that  region,  to  a  memoir  by  one  of  us  upon  the  Crimsea,  in  which  we  have  described 
these  deposits,  as  being  there  composed  of  courses  of  argillaceous  marls,  clays, 
calcareous  marls,  concretions,  ferruginous  bands,  agglutinated  shells  (faluns), 
and  soft,  spongy,  shelly  limestone1.  The  soft  limestone,  usually  while,  is  the 
best  type  of  the  whole  formation,  and  largely  used  as  a  building-stone  both  at 
Odessa  and  in  the  Crimsea,  it  has  afforded  a  great  number  of  organic  remains.  In 
some  bands  associated  with  it  we  found  an  infinite  quantity  of  small  Paludina? ; 
but  at  Taman,  as  at  Novo  Tcherkask,  the  most  abundant  forms  are  the  small  and 
peculiar  Cardiacea?,  and  the  Mytilua  polymorphus  (Drcissena  of  Van  Beneden).  Of 
the  former  M.  Deshaycs  described  twenty  species,  and  whilst  these  are  asso- 
ciated with  Mytili  and  a  Mndiola  which  must  have  lived  in  brackish  waters,  we 
remarked  the  almost  total  absence  of  Gasteropods  of  marine  origin  ;  the  Paludina?, 
Melanopsidae  and  Lioinea!  which  were  then  enumerated,  being  unquestionably  of 
freshwater  origin,  and  one  of  them  undistinguishable  from  species  now  inhabiting 
the  embouchure  of  the  Dniester  (Neritina  Danubialis). 

In  addition  to  these  decisive  conchological  facts,  an  independent  proof  has 
recently  been  obtained  of  the  manner  in  which  beds  of  a  purely  marine  character 
passed  into  these  brackish  steppe  limestones.  Pallas  and  Rathkc  had  both  alluded 
to  the  bones  of  certain  Cetacea  found  in  the  peninsula  of  Taman;  and  Professor 
Eichwald  had  referred  the  head  of  one  of  these  animals  to  a  Dolphin,  and  named 
it  Ziphius  priscus.  Obtaining  possession  of  this  specimen  for  the  Museum  of  St. 
Petersburgh,  Professor  Brandt  worked  the  head  of  the  colossal  creature  out  of  the 
rock  in  which  it  was  imbedded,  and  pronouncing  it  to  belong  to  a  new  family  of 
whales,  has  described  it  under  the  name  of  Cetotherium  Rathkii.  Tliis  fossil  genus 
appears  to  form  a  new  link  in  the  animal  kingdom,  and  is  more  nearly  allied  to  the 

'  M.  E.  de  Verneuil,  Mem.  de  La  Soc.  Gfol.  de  Fr.  rol.  iii.  with  6  plotc«. 
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herbivorous  Cetaceans  than  to  the  Dolphins.  Its  position  in  the  geological  series 
is  most  striking ;  for  the  rock  in  which  it  occurs  near  Taman,  contains  casts  of 
sea  shells  similar  to  those  of  miocene  age,  which  extend  from  Yolhynia  and  Podolia 
to  near  the  shores  of  the  Black  Sea  aud  to  the  Crimsea.  It  is  also  very  remark- 
able, that  along  with  this  herbivorous  cetacean,  the  other,  and  as  we  think  overlying, 
organic  remains  (among  which,  however,  bauks  of  corals  occur)  have  more  the 
character  of  the  inhabitants  of  a  brackish  sea  than  those  of  the  subjacent  rocks. 

These  relations  are,  however,  in  accordance  with  modern  conditions,  and  are, 
indeed,  explained  by  an  analogy  in  Scotland,  for  an  acquaintance  with  which  we 
are  indebted  to  Professor  E.  Forbes.  The  lake  of  Stennis,  in  the  Orkney  Islands, 
celebrated  in  the  writings  of  Sir  Walter  Scott,  has  actually  been  converted,  within 
a  very  recent  period,  whether  by  elevation  of  the  land  or  other  cause,  from  a  salt- 
water loch  into  a  freshwater  and  marshy  tract ;  and  with  this  great  but  gradual 
change,  certain  marine  genera  (Cardiaceaj  and  Mytili)  have  continued  to  live  on  amid 
their  new  associates  of  land  and  fresh  water  (Limncoe,  Neritina?,  &c),  whilst  others 
have  perished.  That  which  is  taught  on  a  small  scale  in  the  Scottish  lake  must,  there- 
fore, have  formerly  occurred  on  the  edge  of  the  great  Aralo-Caspian  Sea, — which 
in  consequence  of  separation  from  the  ocean,  was  converted  into  a  brackish  state,  and 
in  which,  as  in  Scotland,  the  same  hardy  and  time-serving  marine  genera  continued 
to  exist  with  new  associates  in  their  altered  abode !  In  a  word,  the  miocene 
deposit  of  Taman,  with  its  herbivorous  cetaceans  and  marine  shells,  intermixed 
with  and  succeeded  by  brackish  water  relics,  is  only  an  example,  in  an  earlier 
period  of  the  world,  of  a  formation  along  the  edge  of  a  great  Caspian,  the  creatures 
in  which  necessarily  dift'ered  from  those  of  the  pure  marine  period  which  preceded 
them. 

In  describing  the  geological  succession  of  the  Crimsea,  M.  Huot1  has  divided  the 
tertiary  series  (supercre'tace)  into  lower,  middle  and  upper  stages.  The  first  of 
these  is  unquestionably  of  the  same  age  as  the  calcaire  grossier  of  Paris  or  Lon- 
don clay,  with  which,  as  before  explained,  it  has  several  species  in  common.  We 
do  not,  however,  coincide  with  this  author  in  his  method  of  grouping  fossils  from 
several  localities  to  form  his  second  stage :  so  far  as  he  places  in  it  species  which 
are  identical  with  or  analogous  to  those  of  Bordeaux,  Dax  or  Touraine,  it  is  evident 
that  such  remains  belong  to  the  true  miocene  deposits  to  which  we  have  already 
alluded,  as  being  so  widely  spread  over  the  continent  of  Russia.    Such  shells  (ob- 

■  Voyage  dan.  la  Ruwie  Meridionale  et  la  Crimee  sous  la  direction  dc  M.  A.  Dcmidoff,  vol.  ii.  p.  4-25. 
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served  by  this  author  at  Sevastopol,  the  convent  of  St.  George,  Simpheropol, 
Kertch  and  Enikalc*)  must  not,  we  contend,  be  placed  on  the  same  parallel  as 
the  remains  which  occupy  a  portion  of  the  cliffs  of  Tainan  and  of  Kamiusch 
Burun,  in  which  one  of  us  found  the  twenty  species  of  peculiar  Cardiaceae  before 
alluded  to1,  mixed  up  with  Mytili  of  brackish  water  forms,  and  with  Limneae, 
Paludinar  and  the  Neritina  Danubialis.  Seeing  that  in  the  western  and  central 
portions  of  the  vast  area  of  Southern  Russia  which  are  covered  by  oceanic  miocene 
deposits,  there  is  nowhere  such  a  predominance  of  brackish  and  freshwater  over 
marine  shells,  we  must  consider  the  beds  of  Kamiusch  Burun  to  be  more  naturally 
linked  on  to  the  Aralo-Caspian  or  steppe  limestone  than  to  miocene  deposits. 
Throughout  the  cliffs  of  Taman  we  observed  nothing  but  remains  similar  to  those 
of  Kamiusch  Burun,  i.  e.  the  Cardiaceae  of  the  steppe,  with  Mytili  and  freshwater 
univalves.  At  the  same  time  we  believe,  that  to  the  east  of  Kertch,  lower  strata 
have  been  brought  to  the  surface,  particularly  in  a  tract  which  has  undergone 
considerable  movement  along  the  line  of  eruption  of  the  adjacent  mud  volca- 
noes. The  very  few  shells  and  corals  imbedded  in  compact  limestone,  which 
we  collected  at  Enikale*,  for  example,  are  marine ;  and  in  our  specimens  from 
thence  there  is  no  sign  of  mixture  of  miocene  with  Aralo-Caspian  shells.  But 
admitting  that  the  herbivorous  cetacean  found  at  Ak  Burun  occurred  in  beds  of 
this  age  with  marine  shells,  why  are  we  not  to  look  upon  them  as  inferior  to  the 
brackish  water  accumulations  of  Kamiusch  Burun,  and  if  so,  what  is  there  in  such 
collocation  to  interfere  with  our  general  views  ?  Such  facts  indicate  nothing  more 
than  a  passage  from  one  formation  to  another,  and  our  inference  is  even  sustained 
by  referring  to  M.  Huot  himself ;  for  in  speaking  of  his  middle  tertiary  group  he 
admits  that,  in  one  part,  its  upper  beds  contain  Trochus,  Phasianclla  and  other 
marine  genera  difficult  to  determine,  mixed  up  with  land  and  freshwater  shells. 

Natura  non  facit  saltum,  said  our  forefathers,  and  in  tracts  where  there  has  been  a 
gradual  change  from  purely  oceanic  to  brackish  water  deposits,  spots  must  naturally 
be  detected,  which  expose  evidences  of  the  transition  from  one  set  of  conditions  to 
another.  Now  a  glance  at  the  Map  will  serve  to  convince  geologists,  that  the 
deposits  under  consideration  are  just  in  that  geographical  position  where  such  a 
passage  ought  to  be  looked  for ;  since  they  not  only  lie  towards  the  western  limits 
of  the  former  Aralo-Caspian  Sea,  but  also  form  part  of  a  tract  singularly  disturbed, 
and  in  which  all  the  tertiary  strata,  from  the  lowest  or  Eocene  beds,  have  been 

1  Dc  Verncuil,  Tmm  Soc  Geol.  dc  France,  vol.  iii.  p.  47-58.  M.  Huot  and  his  associate  M.  Rouweau 
have  since  augmented  the  number  of  these  Cardiuceat  to  twenty-seven. 
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tlirown  up  and  exposed  in  succession.  Here  then  we  presume  the  elevation  of  sub- 
marine beds  into  land,  produced  one  of  those  natural  barriers,  by  which  the  Western 
Ocean  of  that  day  was  eventually  shut  out  from  all  communication  with  the  great 
internal  Aralo-Caspian ;  and  here,  therefore,  we  might  expect  to  detect  the  remains 
of  such  animals  as  the  herbivorous  cetacean,  associated  with  sea  shells  and  fol- 
lowed by  the  inhabitants  of  brackish  water.  In  such  a  conterminous  tract,  where 
the  waters  must  have  undergone  a  gradual  change,  a  few  hardy  marine  animals 
might  have  lived  on  for  a  time  ;  and  thus  can  be  explained  the  existence  of  coral 
reefs,  composed  entirely  of  the  Eschara  lapidosa  (Pallas),  which  there  seem  to  rise 
up  through  the  brackish  water  strata.  But  with  a  further  separation  from  their 
original  seat,  the  oceanic  types  would  necessarily  dwindle  away,  and  when  the 
isolation  of  the  Aralo-Caspian  Mediterranean  was  completed,  the  result  would  be 
a  simplification  of  the  animals  which  lived  in  it,  and  the  establishment  within  it  of 
a  fauna  perfectly  distinct  from  that  of  the  ocean.  This  view  is,  indeed,  strongly 
sustained  by  an  appeal  to  facts.  Partial  intermixtures  of  shells,  or  rather  such 
transitions  as  that  at  Taman,  and  of  which  we  believe  there  are  also  evidences 
(though  of  a  much  less  decisive  nature)  in  Bessarabia,  and  around  the  Sea  of  Azof 
and  the  Black  Sea,  arc  peculiar  to  the  western  boundaries  of  the  Aralo-Caspian 
deposits.  In  following  these  strata  to  the  east  no  such  phenomena  have  been 
detected,  and  the  central  portions  of  this  widely-spread  formation,  around  the 
Caspian  Sea,  present  exclusively  the  true  and  persistent  types  of  an  inland  sea, 
the  beds  of  which  were  formed  under  widely  extended  and  uniform  conditions, 
and  in  which  there  are  no  vestiges  of  corals,  marine  shells  or  herbivorous  ceta- 
ceans. The  great  uniformity  of  composition  and  fossil  contents  which  pertain  to 
these  Aralo-Caspian  rocks  over  such  enormous  eastern  regions,  a  point  on  which 
we  shall  presently  dilate,  compels  us  therefore  to  differ  from  M.  Huot  in  the  theory 
of  their  origin  j  for  whilst  he  attributes  them  to  the  desiccation  of  numerous  shal- 
low brackish  lakes  or  lagoons,  left  here  and  there  by  the  retirement  of  the  ocean, 
we,  on  the  contrary,  are  convinced  that  all  the  Aralo-Caspian  deposits  were  accu- 
mulated under  one  vast  inland  sea,  the  inhabitants  of  which  differed  as  essentially 
from  those  of  the  ocean  of  that  day,  as  the  animals  of  New  Holland  now  differ 
from  those  of  the  rest  of  the  world. 

Before  we  quit  the  consideration  of  the  uppermost  deposits  of  the  Crima;a, 
Kertch  and  Taman,  we  cannot  avoid  alluding  to  another  opinion  expressed  by  M. 
Huot,  from  which  we  still  more  strongly  dissent,  viz.  the  presence  of  great  fossil 
extinct  Mammalia  (Elephas  primigenius  and  Mastodon  angustidens)  in  his  middle 
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tertiary  formation  of  this  tract.  If  this  fact  were  established,  it  would  be  at  vari- 
ance with  all  our  knowledge  of  the  distribution  of  such  animals  over  enormous 
surfaces  of  Russia  and  Siberia,  as  well  as  in  other  parts  of  the  world  ;  but  as  M. 
Huot  has  never  seen  these  remains  imbedded  in  the  same  strata  with  marine  remains 
of  miocene  or  even  pliocene  age,  but  simply  collected  them  at  the  foot  of  the  cliff, 
the  natural  inference  would  seem  to  be,  that  they  had  fallen  from  an  overlying  mass 
of  sand,  clay  or  other  superficial  detritus,  occupying  a  position  similar  to  that  in 
which  we  found  them  at  Taganrog  (sec  p.  296),  and  were  lodged  in  their  present 
position,  just  as  similar  remains  subsiding  from  river  banks  in  inland  tracts  are 
carried  into  the  beds  of  the  present  streams.  In  corroboration  of  our  own  opinion 
it  also  may  be  stated,  that  no  remains  of  these  Mammalia  are  cited  by  any  author  in 
the  solid  tertiary  formations  of  Russia,  not  even  in  the  Aralo-Caspian  or  upper- 
most stratum  ;  and  since  M.  Huot  himself  describes  them  in  another  place,  as  really 
occurring  in  the  superficial  detritus  or  earthy  covering  of  these  tracts,  we  shall  now 
simply  state,  that  such  is  in  our  view  their  only  true  habitat.  This  terrestrial  subject, 
which  is  not  strictly  connected  with  that  under  discussion,  will  necessarily  be  con- 
sidered in  a  subsequent  part  of  this  volume. 

Though  unable  from  our  own  researches  to  describe  the  continuation  of  the 
steppe  limestone,  from  the  peninsula  of  Taman  along  the  northern  edge  of  the 
Caucasus,  we  believe  from  the  descriptions  of  others,  that  the  rock  is  continuous. 
We  think  that  it  ranges  along  the  low  country  by  Stavropol  towards  the  advanced 
Caucasian  spur  called  the  Bcshtau.  However  this  may  be,  the  recent  publication 
of  Professor  Eichwald  distinctly  enables  us  to  synchronize  with  it  all  the  wide- 
spread horizontal  shelly  limestones  of  the  Daghestan,  Derbend  and  Baku,  which 
form  low  hills  on  the  western  shores  of  the  Caspian  Sea.  There  again  we  are  pre- 
sented with  agglomerates  of  Cardiacea?  and  Mytili,  with  Paludinae  and  other  fresh- 
water shells.  The  labours  of  M.  Eichwald  have  indeed  a  special  value  in  deter- 
mining the  age  and  origin  of  these  limestones,  for  in  describing  the  very  limited  ex- 
isting fauna  of  the  Caspian  Sea,  he  has  ascertained,  that  at  least  seven  species  of  the 
fossil  shells  arc  now  living  in  it.  In  these  rocks  the  same  phamonienon  is  repeated 
as  in  those  which  we  have  examined  on  the  shores  of  the  Black  Sea  and  Sea  of  Azof, 
viz.  that  with  the  exception  of  some  traces  of  Rissoa,  there  are  no  marine  univalves. 

The  following  table  of  the  Caspian  shells,  recent  as  well  as  fossil,  will  show  better 
than  pages  of  writing,  to  what  degree  the  tertiary  deposits  around  that  sea  coiucide 
with  those  we  have  been  mentioning  on  the  shores  of  the  Sea  of  Azof  and  Black 
Sea,  and  how  they  more  fully  exhibit  the  true  and  unmixed  Aralo-Caspian  type. 
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Table  of  Caspian  Shells,  fossil  and  recent,  chiefly  compiled  from  M.  Eichwald's 

1  Zoologia 


—  dimidiau,  id. 


Ncritina  liturata,  id. 


OK>X»A  ASO  I 


Triton,  id. . 
exigua,  id... 
pusilla.  id.., 


Caspia,  id.  . 
Conus,  id  


Id  the  Caspian  near  Astrak 
ban  and  t>rrb«nd. 


Near 

eoidaj  Black  Sea. 


Bullina  Catuertensis,  id. 

Mactra  Caspia,  id  

—  K&ragana.  id  

Cyclas  Uttucrtcnsis,  id. 


Drcisscna  polvmorplia, 

(Mytilus) 
Mytdua  edulis,  Liu  


On  the  sea 

of  Derbcnd, 
traktian. 


.  IX  THE  I 


Rocks  of  Daghestan. 

Ditto. 
DiUo. 


Rocks  of  Daghestan. 
ovince  i  if  Dcibcud,  mixed  with  the  preceding 
Paludins*. 

Daghraian.  and  near  the  naphtha  springs,  with 
of  Neritina.  Cardium 


Ben. 


Embouchure  of  the  Volga 
Caspian  andBlackScaa,and 
Baltic. 


—  rostriforroia,  !>*». 


The  existing 


trigonoidcs  (Cardium),  Pall 


—  crassa  (Cardium), 


in  thi 

i. 


In  every  «hore  of  the  Caspian, 
Gcncrall 


t'st.l'rt,  mixed  with  Cardiaceac  and  I'aludin*?. 

I'romontorv  of  Tuk  Karagan ;  Baku. 

Ibid. 

Hatcau  or  iathmua  of  the  Uat-Crt.  Eichwald 
justly  remarks,  that  the  preaence  of  the»e  Cy- 
cladcs  in  thousands,  with  a  great  profusion 
of  I'aludin*,  clearly  announce*  a  mixture  of 
fresh  and  salt  water. 

Near  Astrakhan,  and  in  all  the  low  ateppea  ex- 
tending to  Tzantzin,  with  Cardium,  Adacna 
and  Monodacna,  thus  indicating  the  preaence 
of  an  ancient  sea.  Of  these  the  Dreisscna  is 
much  the  most  abundant  and 
agglomerates.  Kntirr  isleU  arc  composed  of 
Dreissena  and  Cardium,  as  well  as  all  the 
coast  between  Baku  and  Derbend, and  tolerably 
high  hills  towards  the  town  of  Takhu. 

Crimiea,  Tunian  and  low  steppes  of  L.  Elton. 

Tuk- Karagan  promontory,  with  Cardium  tdul, 
and  Mulilut  n/iifii. 

Both  coast*  of  the  Caspian.  In  Daghestan,  with 
Risaoa  and  Paludina.  Near  the  Gulf  of  K  a  - 
rabogas,  with  VUmtBI 
Catillut, 
rata,  fitc 


llyin  the  Caspian,  and 
according  to  M.ilommaire 
in  the  Sea  of  Axof. 
Eickw  'Caspian,  Nikolaicff  (Black 


I-ower  steppe  of  the  Volga.  Small 
of  this  specie*  are  found  at  Baku 
Mytilus.  Rissoa,  fcc. 

Small  variety  in  Daghestan, 


Monodacna  Caspia  (Cardium),  Biekte 


—  edenrula.  Pail. 


Caspian. 


pontics,  id  Black  Sea. 

propinqua,  id  

—  intermedia,  id.  •••*«»•„ 

—  Catdlus  (Cardium),  id 
Adacna colorat*  (Cardium),  £icAir....Gulf 


of  Nikolaieff.  Volga 
Don,  and  Palut  ,V«ofu. 
Caspian. 


■  protracta,  Eiclw. 

■  plicata,  id  


—  Iscriuscula,  id. 

—  vitrea,  id. 


.«  ...........  ..........I 


GulfofAsterabad.Freabwater 
lake  of  Akerman  near  Odessa, 
Gulf  of  Asterabad  and  Baku 
.  Ibid. 


with 


Baku. 

Baku,  near  to 
Baku,  Karabogas,  Lower  step|*s  of  the  Volga. 


Near  Lake  Elton  and  steppes  of  Astrakhan, 
with  Mutilut  polymorph**,  M.  rottri/nrmU, 
Adacna  protracta,  Monodacna  Catillut,  and 


Steppes 
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In  seeing  the  wide  extension  of  the  most  common  species  of  the  fossil  shells 
enumerated  in  the  preceding  table,  no  one  can  fail  to  be  convinced,  that  whether 
imbedded  in  the  rocks  forming  the  shores  of  the  Black,  Azof  or  Caspian  seas,  they 
once  all  lived  under  the  same  waters.  Throughout  all  that  sea  of  ancient  times, 
certain  peculiar  forms  of  the  genus  Cardium1  constitute  the  characteristic  feature  of 
the  fossils,  and  also,  it  will  be  observed,  of  the  present  Caspian.  In  fact,  of  the 
fifteen  species  enumerated  by  Kichwald*,  seven  are  still  living  exclusively  in  the 
Caspian,  two  in  the  Black  Sea,  two  are  common  to  both  seas,  and  eight  are  fossil , 
whilst  of  these  last  eight  species,  four  are  identical  with  living  forms,  and  four  seem 
to  be  lost.  But  even  the  species  presumed  to  be  lost  are  so  closely  albed  to  those 
now  inhabiting  the  Caspian,  that  we  cannot  avoid  recognising  in  them  the  same 
peculiar  Aralo-Caspian  type,  unknown  in  all  other  regions  of  the  globe.  It  is 
worthy  of  remark,  that  one  species,  the  Adacna  colorata  (Eichw.),  which  has  been 
found  living  in  the  rivers  Volga  and  Don,  as  well  as  in  the  gulf  of  Nikolaieff  and 
the  Palus  Matotis,  offers  a  good  analog)'  to  explain  the  habits  of  the  Cardiaceae  of 
the  steppe  limestone.  It  is  further  remarkable,  that  the  Adacna  plicata,  which 
Eichwald  cites  from  the  gulf  of  Asterabad  in  the  Caspian  Sea,  has  been  found  by 
us  living  in  the  freshwater  lake  Akerman*,  near  Odessa,  and  within  forty  to  nfty 
versts  above  the  mouth  of  the  Dniester.  This  fact,  added  to  those  cited  by  Eich- 
wald, of  the  coexistence  of  numerous  Paludina?  with  Cardiacea:,  and  analogous  to 
those  inhabiting  the  present  Caspian,  would  lead  us  to  believe,  from  zoological 
data  alone,  that  the  Caspian  of  our  day  is  simply  the  residue  of  the  great  Aralo- 
Caspian  Sea,  whose  fauna  was  so  dissimilar  from  the  oceanic  deposits  of  the  ara 
in  which  it  was  accumulated. 

But  notwithstanding  all  previous  researches,  our  knowledge,  it  must  be  allowed, 
is  yet  too  limited  to  enable  us  to  reason  very  closely  upon  the  relative  change  in 
the  inhabitants  of  the  former  and  present  Caspian.  In  the  lists  of  M.  Eichwald 
we  see,  indeed,  that  several  species  are  now  living  which  have  not  been  found  fossil. 

1  Dcshaye*  retain*  entire  the  genus  Cardium  for  all  these  form*,  but  Eichwald  forms  for  them  the  genera 
Adacna.  Monodacna,  and  Didacna. 

»  The  work  of  M.  Eichwald  here  cited  must  be  considered  as  the  verification  and  support  of  many  of 
the  opinions  contained  in  hi*  former  volume,  Alte  Geographic  des  Kaspischcn  Meere*,  de*  Kaukasus  und 
de*  Siidlichcn  KuMlands.    Berlin,  1838. 

'  In  the  same  lake  wc  found  the  Cardium  pseudo- Cardium  (Desh.),  (Mem.  Soc.  Ocol.  de  Franct-. 
vol.  iii.  pL  1.  f.  1  and  2.),  which  by  a  total  absence  of  lateral  teeth  and  other  character*  is  very  nearly 
allied  to  the  Cardiacea:  of  the  Caspian. 
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and  that  others  which  are  abundant  as  fossils  are  unknown  in  existing  nature.  Yet 
here  we  must  observe,  that  as  the  bottom  of  the  Caspian  has  never,  we  appre- 
hend, been  explored  by  that  searching  instrument  the  dredge,  nor  its  contents  fully 
laid  open  by  it,  like  those  of  the  JSgean  Sea  through  the  labours  of  Professor  E. 
Forbes,  it  must  be  impossible  to  say  to  what  precise  extent  the  submarine  fauna 
of  the  former  and  larger  Caspian  agrees  or  disagrees  with  that  of  the  present  sea. 

We  have  already  endeavoured  to  account  for  the  partial  intermixture  of  purely 
marine  shells  with  brackish  water  remains  in  some  of  the  rocks  of  the  isthmus  of 
Taman  5  and  explaining  the  phenomena  by  a  modern  analogy,  have  sought  to  lead 
our  readers  to  understand,  how  the  inhabitants  of  our  ancient  Aralo-Caspian  being 
shut  out  from  the  ocean,  may  have  lost  the  oceanic  and  assumed  the  brackish 
water  type.  The  present  Caspian,  for  example,  isolated  and  excluded  from  all 
communication  with  the  ocean,  is  so  slightly  saline,  that  even  in  a  part  of  it  far 
removed  from  rivers  and  streams,  its  waters  are  said  to  be  potable* ;  and, 
according  to  Eichwald,  as  stated  in  his  Fauna,  the  greater  number  of  its  fishes 

'  Lieutenant  Fclkcncr  (Annulare  des  Mines  de  Kussie,  annec  18.38,  p.  1  .">.">  )  states,  that  in  the  Isle  of 
Tclieltkcn,  which  is  saturated  with  saline  springs,  the  Turkoman  inhabitant*  drink  no  other  water  than  that 
of  the  adjacent  Caspian  Sea.  With  such  n  fact  before  us  we  cannot  subscribe  to  the  view  of  M.  Hommairc 
(Bulletin  de  la  Soc.  Gcol.  de  France,  vol.  xiv.  p.  263),  drawn  from  a  belief  that  the  Caspian  of  the  present 
day  is  more  saline  than  the  Black  Sea.  M.  Hommairc  has,  indeed,  a  theory  to  sustain,  which,  in  our  opinion, 
is  at  variance  with  the  geological  and  physical  structure  of  the  surrounding  regions.  That  author  contends, 
that  the  Caspian  is  simply  a  iwrtion  of  the  ancient  Black  Sea.  which  since  its  separation  has  been  lowered 
to  it*  present  level  through  a  diminished  supply  of  fresh  water  from  the  rivers  Volga  and  Ural,  and  also  by 
evaporation  ;  and  hence  its  supposed  greater  saltncsa.  Granting  that  the  Volga  and  the  Ural,  no  longer 
flowing  through  vast  undraincd  and  uncultivated  forests,  do  not  afford  so  great  a  volume  of  fresh  water 
a*  of  old,  and  that  the  level  of  the  Caspian  may  consequently  have  somewhat  subsided,  there  is  no  reason 
to  apprehend  that  this  cause  can  continue  to  operate  to  any  great  extent.  In  regard  to  the  alleged  excessive 
saltne**  of  the  Caspian,  the  statement*  of  M .  Gobel,  the  chemist,  (who  make*  the  water  less  salt  than  that 
of  the  ocean)  arc  at  variance  with  those  of  M.  Hommairc.  We  venture,  however,  to  believe,  that  both  ana- 
lyses may  be  true,  and  that  they  depend  upon  the  portion  of  the  sea  from  whence  the  samples  were  taken. 
We  have,  indeed,  no  difficulty  in  understanding  why  such  part*  of  this  sea  as  happen  to  be  fed  with  intensely 
saline  spring*  issuing  from  bed*  of  rock  salt,  may  not  be  exactly  as  they  are  represented  by  M.  Hommairc; 
but  whilst  he  attribute*  this  excess  of  salt  in  the  water  to  evaporation,  we  distincUy  refer  it  to  ancient 
geological  camjet,  viz.  rock-salt  and  salt  springs  of  previous  epochs.  Our  readers  will,  in  truth,  perceive, 
that  the  theory  of  M.  Hommaire  require*  no  other  refutation  than  the  simple  fact,  that  Caspian  shells 
lie  in  rocks  700  feet  above  Uie  Caspian  Sea.  Would  that  author  lower  the  great  Aralo-Caspian  Sea 
from  such  heights  by  evaporation  ?  We  shall  presently  assign  geological  reasons  which  exclude  the 
possibility  of  such  former  high  levels  of  that  sea,  and  which  at  once  destroy  the  reasoning  of  Pallas  and 
many  of  hi*  successor*,  a*  to  certain  historical  deluge*  in  Greece  and  the  rupture  of  the  Dardanelles 
being  due  to  the  letting  off  of  these  inland  bodie*  of  water. 
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belong  to  freshwater  genera  and  species.  In  another  memoir,  however,  by  the 
same  author1,  an  opinion  is  expressed,  that  though  it  is  now,  and  has  ever  been 
but  slightly  saline,  the  Caspian  is  daily  becoming  more  so,  both  through  evaporation 
and  the  dissolution  of  masses  of  salt  which  occur  in  or  below  its  bed.  To  this  cause 
M.  Eichwald  seems  to  attribute  the  poverty  of  its  fauna,  and  the  disappearance  of 
several  species  which  are  supposed  to  have  been  in  existence  at  no  distant  day. 
Even  our  present  amount  of  acquaintance  with  the  subject  would,  however,  induce 
us  to  reject  this  reasoning  .  for,  in  the  first  place,  no  valid  proof  has  been  given  of 
an  increase  in  thesaltness  of  the  Caspian  ,  and  secondly,  judging  from  all  the  fossil 
collections,  there  is  no  reason  to  believe,  that  the  former  vast  Aralo-Caspian  pos- 
sessed a  greater  variety  of  species,  or  that  its  shells  partook  more  of  a  marine 
character,  than  those  of  the  present  sea.  The  truth,  indeed,  seems  to  be,  that  in 
the  ancient  as  in  the  modern  period,  the  relative  proportion  of  organic  contents 
has  been  perfectly  maintained.  Now  in  sheets  of  fresh  water  of  our  own  a?ra  the 
number  of  genera  and  species  is  small,  but  that  of  individuals  great,  whilst  in  the 
ocean  their  variety  is  countless,— a  result  probably  due  to  the  great  diversity  of  con- 
ditions produced  by  strong  currents  in  vast  and  open  seas,  and  to  the  removal  of 
species  from  distant  countries  brought  into  contact  with  each  other.  The  persistent 
and  almost  monotonous  zoological  character  of  the  Aralo-Caspian  limestone  is, 
therefore,  the  best  possible  proof  of  the  insulated  position  and  uniform,  brackish 
nature  of  the  one  great  inland  sea  in  which  it  was  accumulated. 

This  Aralo-Caspian  limestone  occupies  the  summits  of  the  extensive  isthmus 
between  theCaspian  and  the  Aral.  M.  Eichwald  has,  as  it  will  be  perceived  in  the 
prefixed  table,  named  two  species  of  shell  after  this  isthmus,  the  Ust-Urt.  Owing 
to  the  great  difficulty  of  travelling  far  inland  among  the  wild  Turkomans  who 
inhabit  it,  we  presume  that  M.  Eichwald  has  not  much  examined  the  interior ; 
but  by  connecting  his  zoological  determination  of  the  species,  which  so  exclusively 
occupy  the  shelly  limestone  forming  the  eastern  cliffs  of  the  Caspian,  with  the 
independent  description  of  other  travellers,  there  can  be  no  doubt,  that  the  same 
deposit  spreads  over  the  whole  of  the  plateau  between  the  two  seas,  extending  to 
Khivah  and  even  far  beyond  that  city*. 

1  Ergiinzung  seiner  friiheren  Aiisacrangen  liber  da*  Verhaltniss  dea  Caspischen  zur  Schwarzen  Mccre. 
Erman's  Archir  fur  Rutland,  1843. 

»  Older  tertiary  and  even  secondary  and  ancient  rock*  doubtless  form  the  nucleus  of  the  Hrt-Urt  (sec 
note,  p.  313).    We  are  now  merely  speaking  of  the  shelly  limestones ,  marls.  &c.  of  the  surface  deposit*. 
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Judging  from  the  sketch  of  the  country  between  Balkh  and  Khivah  left  to  us  by 
the  adventurous  and  lamented  Burnes,  we  can  scarcely  doubt,  that  on  the  east  the 
Aralo-Caspian  deposits  range  continuously  to  the  edge  of  the  elevated  plateau  of 
Pamir  (Bolor  chain  of  Humboldt),  and  on  the  south  to  the  foot  of  the  western  pro- 
longations of  the  Hindoo  Kush  ;  for  he  describes  all  the  plain  of  Turkistan,  which 
is  watered  by  theOxus.as  consisting  of  soft  yellowish  limestone,  with  clay,  gravel, 
sand  aud  occasional  springs  and  deposits  of  salt1. 

Respecting  the  Ust-Urt  we  had,  indeed,  come  to  the  same  conclusion  from  per- 
sonal communication  with  M.  Evcrsman,  who  accompanied  the  expedition  of  General 
de  Berg,  which  passed,  in  the  winter  of  1826,  from  the  Caspian  to  the  Aral,  and 
determined  the  heights  of  the  Ust-Urt,  as  well  as  from  the  travels  of  Muravief,  when 
our  opinion  was  strikingly  confirmed  by  the  perusal  of  the  Appendix  to  a  recent 
work  by  the  enterprizing  British  envoy  Captain  James  Abbott.  After  travelling 
from  Khivah  to  the  promontory  of  Tuk  Karagan,  by  a  route  seldom  if  ever  previously 
taken  by  a  European,  he  distinctly  says,  "  the  basin  of  the  Caspian  is  a  shell  lime- 
stone precisely  similar  to  that  which  forms  the  plateau  between  its  shores  and  Khivah. 
It  is  remarkable  that  the  whole  of  this  immense  mass,  often  elevated  to  more  than 
one  thousand  feet*  above  the  level  of  the  Caspian,  contains  but  the  three  shells,  the 
cockle,  muscle,  and  spirorbis,  which  are  the  production  of  the  waters  of  the  Caspian. 
Hence  (he  well  observes)  had  these  vast  strata  of  shell  limestone  been  the  deposit 
of  the  ocean,  they  must  have  contained  other  shells  than  those  which  they  yield  to 
research.  They  are  therefore  the  deposits  of  the  Caspian."  In  alluding  to  these  relics 
of  a  former  Mediterranean,  the  same  traveller  goes  on  to  speak  of  them  as  proofs  of 
that  sea  having  once  stood  at  a  vastly  higher  level,  and  thereon  builds  a  theory  for 
the  wearing  away  by  these  higher  waters  of  the  gorges  of  the  Hellespont.  Here, 
however,  he  shows  himself  to  be  unacquainted  with  the  true  principles  of  geology, 
which  would  have  taught  him,  that  if  ever  the  Caspian  stood  above  the  level  of  the 
highest  points  at  which  the  steppe  limestone  is  now  found,  it  must  have  covered 
Russia  in  Europe  and  the  plains  of  Germany ;  but  of  such  a  phenomenon  there 
are  no  traces.    Geologists  will,  therefore,  naturally  conclude,  that  such  positions 

1  Trans.  Oeol.  Soc.  vol.  iii.  p.  494. 

1  A*  Captain  Abbott's  most  remarkable  journey  was  performed  during  a  period  of  the  greatest  danger 
(the  war  between  Khivah  and  Ru»»ia  being  then  at  its  height),  and  as  in  traversing  this  very  steppe, 
which  he  so  graphically  describes,  he  was  robbed,  captured  and  severely  wounded  by  the  Turkoman*, 
we  arc  not  to  expect  from  him  an  accurate  estimate  of  heights. 


SECTION  FROM  THE  SEA  OF  AZOF  TO  THE  ARAL. 


of  the  steppe  limestone  (even  if  they  do  not  exceed 
700  or  800  feet,  the  ascertained  heights  of  the  Ust- 
Urt  above  the  sea)  must  be  referred  to  unequal 
elevation  of  the  bottom  of  an  ancient  Caspian,  and 
not  to  its  depression. 

To  give  to  the  reader  a  clear  view  of  these  great 
oscillations  of  land,  we  here  subjoin  a  general  sec- 
tion, from  the  hills  of  Aralo-Caspian  limestone 
above  Taganrog  upon  the  Sea  of  Azof,  to  the  Aral 
Sea.    In  this  diagram,  which  is  founded  on  the 
Russian  determinations  of  the  relative  altitude  of 
the  different  tracts  of  land  and  inland  seas,  the 
dotted  line  represents  the  level  of  the  Sea  of  Azof  i 
and  the  Ocean  ;  a  glance,  therefore,  will  show  how 
the  Aralo-Caspian  deposits  have  been  heaved  up  to 
different  heights  in  the  hills  of  the  Don  Cossacks,      i  |  I 
on  the  eastern  shores  of  the  Caspian,  and  in  the      f  f  f 
Ust-Urt.    Again,  whilst  it  has  been  demonstrated,     £  |  | 
that  these  inland  seas  were  once  united,  the  Caspian,  'S 
and  with  it  large  portions  of  the  adjacent  lower  £ 
steppe,  to  which  we  shall  hereafter  advert,  are  seen 
to  be  depressed  beneath,  whilst  the  Aral  Sea  is 
above  the  level  of  the  ocean. 

In  the  opposite  woodcut  no  very  great  precision 
must  be  looked  for,  an  observance  of  which  is  ob- 
viously impracticable,  where  the  horizontal  line 
extends  over  near  900  miles  of  country.  Again,  if 
in  giving  the  height  of  the  Ust-Urt  above  the  Cas- 
pian, the  same  proportions  were  followed,  as  in  the 
height  of  the  Ocean  or  Sea  of  Azof  above  the  Cas- 
pian, that  plateau  would  appear  extravagantly  moun- 
tainous. The  sole  object  of  the  section  is  to  con- 
vey a  general  approximate  idea  of  the  relations  of 
the  masses  of  land  and  water.  (For  the  level  of 
the  Caspian,  see  note,  p.  321.) 
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The  relative  changes  between  land  and  water  within  the  historic  sera  will  be 
considered  towards  the  conclusion  of  the  work,  on  which  occasion  we  shall  endea- 
vour to  indicate,  how  those  recent  modifications  of  contour  to  which  Baron  Hum- 
boldt referred,  arc  distinct  from  the  phenomena  so  clearly  ante-historical  which 
occupy  us  ;  for  though  we  now  offer  proof,  that  the  Aral  and  the  Caspian  were  to 
a  great  extent  separated  in  the  tertiary  period,  by  the  elevation  of  the  Ust-Urt  and 
the  great  isthmus  of  Khivah,  we  may  take  the  opportunity  of  discussing  with  our 
illustrious  contemporary,  whether  in  the  early  periods  of  history  the  Aral  and  the 
Caspian  may  have  been  connected  in  their  southern  parts,  and  whether  the  Oxus 
may  not  have  flowed  into  both  seas '. 

Another  author,  Lieutenant  Felkener,  of  the  Imperial  Russian  Mining  Corps, 
may,  indeed,  be  cited  in  support  of  the  view,  that  the  masses  of  land  to  which  we 
have  been  alluding  were  formerly  the  bottoms  of  an  inland  sea. 

Id  exploring  the  eastern  edges  of  the  Caspian  from  Asterabad  to  the  Cape  Tiik  KaraRan*.  he  dcM-ribc*  the  southern 
portion  of  the  coast,  cjtending  from  the  river  Karasii  to  Postchanoi  Ugol.  as  a  low  alluvial  »aody  plain,  which  rises 
insenaiblv  to  the  east,  and  is  (tanked  on  the  north  and  north-caat  by  the  gnrat  plateau  of  the  L'st-L'rt,  and  on  the 
south  and  south-cast  by  the  chain  of  Khorassan.  This  lower  desert  of  Khivah  (Khwarczm),  inhabited  by  lawless 
Turkomans,  and  with  which  geographers  are  only  slightly  acquainted  through  the  adventurous  travels  of  Muravief 
and  Conolly,  would  seem,  therefore,  to  offer  the  same  relation  to  tbe  Ust-L'rt  which  the  low  steppes  of  Astrakhan 
and  U>e  Caucasus  bear  to  the  adjacent  raised  tertiary  strata  which  surround  them,  a  subject  to  which  we  shall 
presently  advert.  Though  little  versed  in  the  specific  distinctions  of  fossil  shells.  Lieutenant  Kelkener  is  suffi- 
ciently clear  in  his  narrative  to  |>erinit  us  to  doubt,  that  an  elevatory  process  has  been  going  on  from  remote  anti- 
quity to  a  very  recent  period,  if  not  to  the  present  day,  by  which  the  mountains,  hills  and  banks  on  the  coasts  of 
the  Caspian  have  been  successively  heaved  up.  Connecting  effects  with  their  causes,  his  description  of  the  raised 
beds  of  the  Caspian,  often  inclined  and  dislocated  in  the  neighbourhood  of  the  eruptive  rocks  of  the  Balkhan,  and 
their  horizontal  position  at  great  altitudes  where  placed  at  some  distance  from  such  lines  of  disturbance  only,  tend 
to  confirm  our  belief,  that  with  a  little  more  attention  of  competent  observers,  these  tracts,  particularly  in  the 
meridian  of  the  eastern  prolongation  of  tfie  Caucasus,  will  afford  still  more  distinct  proofs  of  different  eiwchs  of 
elevation. 

In  making  this  remark,  however,  we  are  fully  alive  to  the  very  great  difficulties 
which  must  encompass  any  traveller  who  seeks  minutely  to  examine  the  interior  of 
a  tract,  inhabited  by  wild  and  lawless  Turkomans,  and  in  which  for  a  distance  of  800 
versts,  from  south  to  north,  one  well  only  of  fresh  water  is  known.  Even  from  the 
pages  of  Lieutenant  Felkener  we  learn  that,  upon  the  same  parallel  along  which  por- 
phyries and  other  plutonic  rocks  were  formerly  ejected,  and  which  threw  up  the  more 

1  Asie  Centrale,  vol.  i.  p.  421  H  trq.,  and  vol.  ii.  p.  221  et  seq.  Muravief,  Voyage  en  Turconumie, 
and  Journey  to  the  North  of  India  overland  from  England,  through  Russia,  Persia  and  Affglianistan,  by 
Lieutenant  Conolly.    London,  1834. 

*  Annuairc  du  Journal  des  Mines  do  Russie  de  1838,  p.  130. 
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ancient  tertiary  deposits,  other  uprisings  and  ebullitions  have  been  continually  in 
activity.  Among  the  prominent  features  of  the  latter  are  the  fountains  of  naphtha 
and  the  hot  saline  springs  (an  eastern  continuation  of  those  of  Baku  and  its  sacred 
fires),  which  bursting  out  in  some  spots  from  the  bottom  of  the  sea,  rise  up  through 
all  the  adjacent  lands,  penetrating  the  Isle  of  Tcheleken  and  the  adjoining  coast. 
In  that  tract,  the  strata  composed  of  clay,  sand  and  shelly  agglomerates,  all  evi- 
dently formed  under  the  waters  of  the  Caspian,  are  so  saturated  with  naphtha,  salt 
springs  and  iron  ores,  and  are  so  altered,  hardened  and  thrown  about  at  various 
levels,  that  they  acquaint  us  in  terms  too  plain  to  be  misunderstood,  how  these 
former  sea-bottoms  have  been  placed  in  their  present  position,  and  brought  into 
their  peculiar  actual  condition ;  whilst  huge  masses  of  the  coast  cliffs  (exceeding 
100  feet  in  height),  remote  from  such  lines  of  eruption,  are  seen  to  be  composed  of 
horizontal  layers  of  unaltered  shelly  limestone  of  the  Aralo-Caspian  date'.  In 
alluding  to  the  naphtha  springs,  we  are,  however,  touching  upon  phenomena  which, 
ancient  as  may  have  been  their  origin,  are  agents  now  actually  effecting  changes  j 
so  dismissing  for  the  present  their  consideration,  we  may  revert  to  them  towards 
the  close  of  this  work,  as  the  last  of  a  long  series  of  causes  of  alteration  in  the 
outline  of  the  earth. 

In  the  mean  time  we  further  glean  from  the  travels  of  Captain  Abbott,  that  in  one 
district  near  the  eastern  shore  of  the  Caspian,  where  the  ground  rises  to  consider- 
able altitude  (1500  feet  according  to  this  author),  viz.  in  the  ridge  between  the 
Gulfs  of  Munghis-lak  and  Tiuk-kara,  the  hills  are  chiefly  composed  of  red  sand- 
stone. Having  shown  how  Permian  rocks  of  that  character  trend  far  to  the  south 
of  Orenburg,  and  that  they  have  been  observed  by  other  travellers  near  the  sources 
of  the  Emba,  where  they  are  associated  with  igneous  rocks,  we  cannot  avoid  sug- 
gesting, that  the  hills  of  Munghis-lak,  constituting  a  portion  of  the  Ust-Urt,  may 
be  considered  one  of  the  terminal  embranchments  of  the  Ural.  Baron  Humboldt 
has,  indeed,  previously  expressed  his  opinion,  that  the  Ust-Urt  is  the  direct  pro- 
longation of  the  Mughodjar  and  Airuk  hills,  the  southernmost  rocky  masses  of  that 

1  Whilst  we  write,  we  are  informed  by  our  friend  Colonel  Helinersen,  that  another  Illusion  traveller. 
M.  Baainer,  a  botanist,  has  very  recently  explored  the  banks  of  the  Aral  Sea  to  Khivah,  and  that  having 
there  collected  both  fotml  and  recent  shell*,  be  will  throw  new  light  upon  this  interesting  subject.  Count 
Keyserling  adds  in  another  letter,  that  M.  Basincr  has  brought  back  to  St.  Petersburgh  shells  of  different 
tertiary  age  ;  the  Valuta  ambigua  (var.  V.  luctator)  for  example,  found  in  the  deep  valleys,  seems  to  indicate 
the  presence  of  the  London  clay  ;  the  Mactra  pandemia  in  an  oolite  must  represent  our  miocene,  p.  294  ; 
whilst  the  superior  masses  arc  the  steppe  or  our  Ando-Caspian  limestone*. 
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chain  in  which  plutonic  rocks  appear.  The  existence  of  red  sandstones,  probably 
palaeozoic,  but  at  all  events  long  anterior  to  the  tertiary  deposits,  supports  his  view, 
whilst  the  presence  of  the  recent  steppe  or  Aralo-Caspian  limestone  over  nearly 
the  whole  surface  of  this  isthmus,  proves  decisively,  that  sea-bottoms  of  that  age, 
elevated  from  north  to  south,  and  directly  in  the  line  of  upheaval  of  the  Ural  Moun- 
tains, effected  a  great  change  in  the  physical  outlines  of  these  regions,  at  a  period 
which,  though  geologically  recent,  must  have  been  long  antecedent  to  the  historical 
a?ra. 

Having  before  stated  that  the  Aralo-Caspian  deposits  repose,  along  their  north- 
western frontier,  upon  older  oceanic  strata,  it  is  clear,  that  subsequent  to  their 
accumulation,  these  last-mentioned  beds  and  other  submarine  masses  must  have 
been  heaved  up  and  formed  into  barriers  which  prevented  the  spread  of  the  ancient 
inland  sea.  It  is  also  evident,  that  at  a  later  period,  a  large  portion  of  that  sea 
was  thrown  off,  and  its  bottom  raised  into  great  plateaux  of  steppe  limestone.  We 
venture  to  believe,  that  these  results  are  distinctly  referable  to  at  least  two  periods 
of  vibration  between  land  and  water,  which  took  place  before  the  earth's  surface 
was  inhabited  by  our  race.  For  as  the  steppe  limestone  above  alluded  to,  has  all 
the  appearance  of  having  been  the  shore  of  certain  low  and  sandy  steppes  to  which 
we  now  invite  attention,  so  do  we  beUcve  that  the  latter  was  still  the  abode  of  the 
same  ancient,  eastern  Mediterranean,  when  its  waters  being  considerably  dimi- 
nished, entered  into  deep  recesses,  and  united  the  present  insulated  seas  by  straits 
and  channels,  the  bottoms  of  which  have  since  become  dry  land. 

In  thus  carrying  on  the  attention  of  the  reader  to  this  branch  of  inquiry,  we  beg, 
however,  to  guard  him  against  the  inference,  that  other  changes  of  sea  and  land  in 
the  North  of  Russia,  particularly  those  which  involve  the  great  phenomenon  of  the 
erratic  blocks,  maj/  not  have  been  effected  anterior  to  some  of  the  last  desiccations 
of  these  lower  steppes.  We  have  merely  deemed  it  expedient,  when  explaining  the 
successive  retirements  of  the  Aralo-Caspian  Sea,  to  consider  in  the  same  chapter 
the  whole  scries  of  changes  of  adjacent  sea-bottoms  into  continents,  and  to  show 
that  all  such  grand  mutations  are,  properly  speaking,  geological  phenomena,  which 
ought  to  be  considered  apart  from  superficial  detritus  not  clearly  proved  to  be  sub- 
marine, as  well  as  from  minor  undulations  between  land  and  water  which  have  taken 
place  within  the  historic  a?ra. 

Lower  Steppe  deposits  of  the  former  Caspian—  Our  readers  will  perceive  that  we 
have  distinguished  upon  the  Map,  a  large  portion  of  Southern  Russia  by  a  lighter 
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tint  of  the  colour  used  for  No.  10.  and  by  the  sign  10'.  This  region  includes  the 
whole  of  the  lower  steppe  of  Astrakhan  between  the  rivers  Ural  and  Volga,  which, 
passing  down  the  western  shores  of  the  Caspian,  extends,  in  a  strait,  to  the  west, 
over  the  low  grounds  of  the  Kalmucks,  between  the  Caspian  and  the  Sea  of  Azof, 
and  again  from  the  western  shores  of  the  latter  by  the  isthmus  of  Perecop  to  the 
Black  Sea  below  Kherson.  The  whole  of  this  vast  area  was,  we  conceive,  covered 
by  the  waters  of  the  inland  sea  to  which  reference  has  just  been  made,  at  the  com- 
paratively modern  period  when  the  Aralo-Caspian  limestones  had  been  so  elevated 
as  to  form  its  shores.  Our  own  acquaintance  with  the  boundaries  of  this  great 
area  is  limited  to  portions  of  its  western  and  northern  shores.  Of  the  southern  or 
Caucasian  boundary,  our  knowledge  is,  of  course,  derived  from  Pallas  and  his  nu- 
merous successors.  Among  the  latter  we  must  mention  Mr.  Strangways,  who 
traversing  many  years  ago  the  low  steppe  between  South  Russia,  the  Crimea,  and 
the  Caucasus,  visited  the  mineral  sources  and  baths  of  Kislovodsk,  and  the  group  of 
mountains  of  which  the  Beshtau  is  the  principal :  Mr.  Strangways  has  put  into  our 
hands  some  manuscript  notices  of  the  lower  region,  which  it  is  very  much  to  be 
regretted  were  not  formerly  published. 

Other  travellers  and  naturalists  have  since  visited  that  country,  and  those  who 
desire  to  make  themselves  masters  of  the  whole  subject,  particularly  in  reference 
to  the  tracts  around  the  Sea  of  Azof  and  between  that  sea  and  the  Caspian,  will 
doubtless  first  study  the  works  of  Pallas,  and  then  endeavour  to  synchronize  the 
various  elements  of  his  details  with  modern  geological  science,  by  reference  to  the 
recent  works  of  M.  Kupffer,  If.  Dubois  and  M.  Hommaire  de  Hell.  For  our  own 
parts,  we  shall  chiefly  dwell  upon  the  portions  of  those  low  countries  which  we  have 
seen,  and  on  which,  as  they  have  been  visited  by  few  modern  geologists,  we  hope  to 
be  able  to  throw  some  light.  Though  a  good  notion  of  a  large  portion  of  the  out- 
line of  these  lower  steppes  was  first  put  forth  by  Pallas,  the  great  naturalist  seems  to 
have  entertained  vague  ideas  respecting  their  eastern  boundary.  A  few  years  ago 
it  was,  indeed,  commonly  supposed,  that  these  same  lower  steppes  extended  far  to 
the  east  of  the  river  Ural,  and  that  coasting  the  southern  termination  of  the  Ural 
chain,  they  spread  over  vast  tracts  in  Siberia,  and  possibly  communicated  with 
slightly  elevated  deserts  adjacent  to  the  northern  seas.  A  glance  at  our  Map  will 
show  that  this  view  cannot  be  entertained ;  for,  however  we  may  yet  be  unable  to 
define  the  whole  of  their  eastern  boundary,  many  Russian  observers,  including  Pro- 
fessor Eichwald,  have  ascertained,  as  before  stated,  that  hilly  grounds,  composed 
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of  various  strata,  occupy  the  left  bank  of  the  Ural  and  its  tributaries,  and  that 
these  are  succeeded  on  the  cast  by  a  band  of  Jurassic  rocks  extending  across  the 
river  Emba,  and  pointing  towards  the  Sea  of  Aral. 

Steppe  of  Astrakhan. — The  whole  of  the  low  steppe  between  the  Ural  and  the 
Volga,  and  which  ranges  from  the  watershed  of  the  Obschey  Sirt  upon  the  north 
to  the  Delta  of  Astrakhan  on  the  south,  is  (with  the  exception  of  the  islets  of  Bogdo, 
Arsagar,  &c.)  apparently  nothing  but  a  desiccated  sea-bottom.  It  is,  in  fact,  en- 
tirely composed  of  sand,  with  occasional  heaps  of  fine  gravel,  is  rarely  argillaceous 
and  loamy,  and  is  almost  everywhere  strewed  over  with  shells  or  the  debris  of 
species,  some  of  which  are  now  living  in  the  adjacent  Caspian  Sea,  such  as  Mytilus 
poltjmorphus,  Adacna  edentula  (Eichw.),  and  Didacna  trigonoides  {Cardium,  Pall.) : 
others  have  not  been  found  living,  such  as  Mytilus  rostriformis ,  Adacna  protracta, 
and  Monodacna  catillus.  The  mean  elevation  of  this  steppe  above  the  level  of  the 
Caspian  does  not  exceed  fifty  feet,  and  as  that  sea  is  83  G  feet  below  the  level  of  the 
ocean,  as  will  be  hereafter  explained,  it  follows,  that  if  the  water  of  the  Black  Sea 
should,  by  any  subsequent  change  of  level  of  the  intermediate  land,  find  access  to 
this  region,  nearly  the  whole  steppe  in  question  would  be  again  submerged.  The 
shelly  sands,  however,  ascend  insensibly  to  the  north,  or  towards  the  Obschey  Sirt. 
They  also  rise  where  they  approach  the  isolated  hills  of  Bogdo,  whilst  atTchomoyar 
on  the  right  bank  of  the  Volga  above  Astrakhan,  and  near  the  western  shores  of 
the  desiccated  area,  beds  with  Caspian  shells  are  seen  to  occupy  a  thickness  of 
about  sixty  feet  above  the  stream,  and  in  the  following  ascending  order ; — a.  Lowest 
beds,  sands  in  various  courses,  35  feet.  b.  Bed  with  Caspian  shells,  c.  Brownish 
sandy  clay  or  silt,  which,  on  drying,  scales  off  into  irregular  laminaj.  d.  Yellowish 
argillaceous  sand. 

Though  one  of  us 1  traversed  this  steppe  from  north-east  to  south-west,  *.  e. 
from  Uralsk,  to  the  banks  of  the  Sarpa  below  Sarcpta,  and  therefore  in  its  greatest 
diameter,  we  have  nothing  else  to  state  concerning  its  monotonous  internal 
structure.  Of  its  northern  and  western  shore,  which  was  followed  by  the  re- 
mainder of  our  party,  we  have  yet  a  few  words  to  say.    On  the  north  it  is  com- 

>  In  traversing  this  steppe,  which  could  not  hare  been  Accomplished  without  the  kind  and  active 
assistance  of  General  Perovski.  Count  Kcyserling  visited  the  Khan  of  the  Inner  Kirghis  in  the  heart  of 
the  steppe,  who  is  tributary  to  Russia.  Oases  affording  very  tolerable  sustenance  for  cattle  occur  at  inter- 
vals, and  the  beil  frrsh  water  is  found  by  digging  holes  in  the  sand.  This  fact  serves  to  substantiate 
the  belief,  that  the  steppe  is  saliferous  in  those  spots  only  where  springs  rise  from  subjacent  rocks  con- 
taining salt. 
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posed  of  palaeozoic  rocks  rising  gently  into  the  Obschey  Sirt,  and  forming  the 
southern  limb  of  the  great  Permian  basin.  The  western  coast  is  most  decisively 
marked  by  the  high  grounds  and  promontories  constituting  the  right  bank  of 
the  Volga,  which  consisting,  as  we  have  shown,  of  Jurassic  and  cretaceous  strata, 
rising  several  hundred  feet  above  the  stream,  decline  near  Kamischine,  under  the 
tertiary  strata.  The  latter  ranging  by  Tzaritzin  to  Sarepta,  occupy  the  left  bank 
of  the  Sarpa,  and  there  form  the  coast  of  a  former  Caspian  (see  Map),  amid  the 
desiccated  and  incoherent  beds  of  which  the  Volga  now  finds  its  way  to  Astra- 
khan. No  one,  in  truth,  can  have  stood  upon  the  promontories  of  the  Volga  and 
the  Sarpa,  and  have  observed  their  salient  and  re-entering  angles,  so  like  the  worn 
coasts  of  the  sea,  nor  have  gazed,  as  we  have  done,  over  the  vast  expanse  of  lower 
steppe  at  his  feet,  covered  with  marine  exuvire,  some  of  them  identical  with  forms 
now  living  in  the  Caspian,  and  others  closely  allied  to  them,  without  being  con- 
vinced, that  there  was  a  period, — and  at  no  very  distant  time  in  the  history  of  the 
planet, — when  the  waves  of  a  former  Caspian  washed  against  these  shores. 

This,  indeed,  was  the  idea  of  our  precursor  Pallas,  though  he  did  not  attempt, 
as  we  do,  to  refer  this  desiccation  to  epochs  anterior  to  the  historical  a?ra.  In 
illustrating  his  view,  we  must  also  say,  that  Pallas  has  made  use  of  one  argument 
which  seems  to  be  irrelevant.  Observing  towards  the  summit  of  the  escarpment 
on  the  Sarpa  near  Sarepta,  irregular  concretions  of  agglutinated  sand,  which  did 
not  penetrate  far  into  the  body  of  the  soft  sandstone,  be  imagined  them  to  be  the 
remaining  evidences  of  a  peculiar  action  of  the  sea  (by  which  such  forms  are  occa- 
sionally produced),  when  it  stood  at  between  300  and  400  feet  above  the  present 
level.  As,  however,  we  have  repeatedly  found  similar,  short  and  irregular  sandy 
concretions  in  the  tertiary  sandstones  of  the  South  of  Russia,  to  which,  indeed, 
wc  have  alluded — often  far  removed  from  any  coast  line — and  as  we  could  when 
on  the  spot  discover  no  difference  between  them  and  the  examples  in  the  cliffs 
of  the  Sarpa  which  Pallas  cites,  we  cannot  admit  that  such  configuration  has  any 
reference  whatever  to  the  action  of  a  former  Caspian. 

We  shall  now  adduce  other  evidence  derived  from  Mount  Bogdo,  and  to  which 
Pallas  has  also  partially  adverted,  which  in  itself  is  a  convincing  proof,  cither  of  a 
former  higher  level  of  the  Caspian,  or  of  the  elevation  of  the  ancient  cliffs  of  that 
great  inland  sea.  In  the  Little  Bogdo  the  sands  with  Caspian  shells  rise  up  in 
slopes,  and  so  obscure  the  hill,  that  we  may  suppose  it  formed  a  shoal  in  the  former 
sea.    In  the  Great  Bogdo,  however,  the  same  sand  and  shells  reach  only  a  certain 
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distance  on  its  loftier  sides,  the  upper  portion  of  which  might,  therefore,  from  this 
circumstance  alone,  be  set  down  as  an  islet  of  the  former  Caspian  ;  but  we  will  now 
give  independent  reasons  for  our  belief  on  this  point.  The  chief  escarpment  of  this 
hill  which  faces  to  the  east,  has  been  before  described  as  consisting  in  ascending 
order  of  argillaceous  marl,  soft  thin-bedded  sandstone  with  harder  siliceous  reddish 
grit,  red  and  white  argillaceous  marl,  and  a  cap  of  grey-coloured  limestone  (p.  195 
and  woodcut). 

The  marly  and  easily  decomposing  beds,  occurring  between  the  hard  limestone 
summit,  and  the  sandstone  and  grit  which  form  the  shoulders  of  the  hill,  arc  neces- 
sarily much  ravined  and  worn  by  ordinary  action ;  but  beneath  them,  and  at  a 
moderate  height  above  the  talus  of  sands  with  Caspian  shells,  the  nearly  vertical 
face  of  the  sandstone  has  been  so  singularly  eroded,  that  we  can  attribute  it 
to  nothing  but  violent  tidal  action.  It  presents  a  line  of  hollows  slightly 
devious  from  horizontally,  which,  trumpet-mouthed,  large,  and 
much  worn  at  their  outer  extremity,  contract  rapidly  as  they  ^**<3| 
advance  into  the  body  ot  the  rock  which  they  penetrate  / 
obliquely  upwards,  traversing  the  lamina)  of  deposit,  and  /  s 
terminating  in  small  cylindrical  ends,  as  represented  in  iLf^ 
this  section.  Such  appearances  ib)  being  evidently  C~~ 
of  mechanical  origin,  and  wholly  independent  of  the  \  V- 

structure  of  the  rock  (since  they  traverse  the  beds  a), 

cannot,  we  think,  be  so  well  explained  by  any  known     "t       .  _ .  >.  v 

natural  cause,  as  that  of  the  upward  lashing  ^^£»^>.  '*  >.  C  O  ^ 

of  the  sea-surge  ;  and  when  we  i  ~rJ~^&8k  ^  .  '  x^s  ,V%N. 

see  the  shells  of  a  former    ^0^%.  \ 

Caspian  (d)  lying  in  an  inclined  talus  precisely  like  those  of  a  sea-shore,  and  at  a 
few  feet  beneath  the  line  of  erosion  on  the  rock,  we  can  scarcely  doubt  that  such 
has  been  the  agent '. 

In  another  portion  of  the  hill,  but  on  the  same  eastern  face,  a  similar  line  of  holes 
(c)  is  seen  at  a  lower  level,  and  beneath  it  is  also  a  talus  of  sand  and  shells ;  and 
from  this  we  were  led  to  infer,  that  the  retreat  was  accomplished  by  at  least  two 
great  oscillations  of  the  surface. 

'  Mount  Arsagmr  in  this  steppe,  which  we  did  not  visit,  is  also  considered  by  Pallas  to  have  been  washed 
by  the  waves  of  the  sea,  as  he  found  Caspian  shells  and  rolled  pebbles  upon  the  summit  of  its  alabaster 
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Whilst  considering  this  phenomenon  it  is  worthy  of  remark,  that  the  erosion  is  on 
the  eastern  face  of  the  hill ;  since  from  all  we  can  learn  this  is  still  the  point  from 
which  the  most  violent  winds  of  these  regions  still  proceed — the  great  land  winds, 
in  fact,  of  continental  Asia.  If  not  mistaken,  we  could  adduce  examples  of  inden- 
tations in  sandstone,  nearly  similar  to  those  of  Mount  Bogdo,  made  by  the  present 
sea  upon  the  British  cliffs  ;  and  for  ancient  analogies  we  would  refer  to  the  deep 
cylindrical  erosions  of  the  surface  of  the  chalk  so  common  all  over  Western  Europe. 

Whilst  then  we  have  indisputable  proofs,  from  the  general  configuration  of  the 
masses  of  land  which  flank  this  lower  steppe,  that  the  bottom  of  a  former  Caspian 
was  raised,  the  lines  of  water-worn  holes  in  the  vertical  face  of  Mount  Bogdo  (evi- 
dently from  its  composition  an  islet  in  this  former  sea)  are  striking  confirmations 
of  the  view,  that  such  elevations  were  effected  during  two  periods. 

Low  Steppe  of  the  Caucasus. — We  wish  it  were  in  our  power  to  give  some 
sketch,  from  personal  observation,  of  the  southern  extension  of  the  tract  above 
described  into  the  low  steppe  of  the  Kalmucks,  which  constitutes,  in  fact,  its 
southern  prolongation,  and  spreads  over  a  large  portion  of  the  region  between  the 
Black  and  Caspian  Seas.  Although,  however,  we  only  trended  a  portion  of  its 
northern  shore  along  the  Sea  of  Azof,  we  know  enough  of  it  from  Pallas  and  our 
precursors,  as  well  as  from  Strangways,  Eichwald  and  Hommaire,  to  feel  certain, 
that  to  a  great  extent  it  is  of  the  same  composition,  and  contains  the  same 
shells  as  the  steppe  we  have  described,  and  of  which,  indeed,  it  is  the  continua- 
tion. In  some  parts,  the  low  Caucasian  steppe,  particularly  along  the  course  of 
the  Kuma  and  for  some  distance  from  the  Caspian,  is  more  argillaceous  than 
the  larger  portion  of  the  Kirghis  steppe  ;  resembling  rather  the  deposits  at  Tchorno- 
yar.  It  is  further  remarkable  in  containing  so  much  salt  disseminated  in  the 
earth,  that  after  the  wet  seasons,  the  water  having  evaporated,  the  desiccated 
surface  throws  off  coats  or  efflorescences  of  muriate  of  soda.  In  reference  to 
this  phenomenon,  we  must  draw  a  distinction  between  the  saline  productions 
of  the  steppe  north  of  Astrakhan  and  those  of  the  lower  steppe  of  the  Caucasus. 
Hie  former  (as  we  have  already  seen,  p.  196)  are  the  products  of  subjacent  and 
very  ancient  rocks  (Permian,  &c),  whose  included  masses  of  rock-salt  give  off 
perennial  and  copious  springs,  which,  issuing  through  the  overlying  sandy  beds 
of  the  desiccated  Caspian,  form  highly  saline  pools  and  lakes.  The  latter,  on  the 
contrary,  even  where  they  are  most  saline  (as  along  the  banks  of  the  Kuma),  seem 
to  be  derived  from  troughs  or  cavities  occupied  by  marine  mud  or  mire,  in  which  a 
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certain  amount  of  salt  is  disseminated,  and  it  is  after  copious  rains  only  and  in  cer- 
tain seasons  that  they  give  off  a  saline  effervescence.  In  many  cases  they  appear  to 
be  the  mere  residue  of  salt  marshes,  which  had  been  formerly  overflowed  by  the  sea. 
Pallas  has,  indeed,  pointed  out  the  distinction  between  these  two  classes  of  salt  de- 
posit. "  None  of  the  salt  lakes  and  marshes  on  the  western  coast  of  the  Caspian 
Sea  have  such  a  stratified  incrustation  of  salt,  gradually  increasing,  as  may  be  ob- 
served in  the  lakes  of  Bogdo,  Elton  and  Indersk,  near  the  river  Yaik.  There  the 
ample  store  is  continually  supplied  and  increased  by  rich  salt  springs  ;  whilst  all 
the  saline  particles  of  the  other  salt  lakes  are  completely  dissolved  by  the  rains  of 
autumn  and  winter '." 

To  the  clear  distinction  thus  drawn  by  the  great  naturalist,  before  geology  was 
a  science,  we  have  to  add,  that  the  copious  perennial  springs  of  the  steppe  of 
Astrakhan  are  derived  from  residual  subterranean  phenomena  of  oceanic  character, 
accomplished  during  the  palaeozoic  aera,  when  intense  mutations  were  brought  about, 
and  vast  masses  of  crystalline  rock-salt  were  formed,  whilst  the  saliferous  efflo- 
rescences of  the  marine  mud  of  the  steppes  of  the  Caucasus  are  simply  what  we 
might  expect  to  find  in  the  retentive  portions  of  the  bed  of  a  retired  sea4,  particu- 
larly in  the  contiguity  of  the  great  eruptive  chain  of  the  Caucasus3. 

We  believe  that  all  the  lowest  part  of  this  vast  steppe  of  the  Caucasus  bears  the 
same  relations  to  the  younger  tertiary  rocks  of  the  Crimaea  and  the  Caucasus,  as 
the  low  steppe  of  Astrakhan  to  the  adjacent  promontories  in  the  south  of  Russia. 
We  have  therefore  laid  these  tracts  down  upon  our  Map  under  one  common 
tint  (l(y),  intending  thereby  to  convey  the  idea,  that  the  waters  once  covered  a 
sinuous  tract  between  the  Caucasus  and  Southern  Russia,  uniting  the  Caspian  with 
the  Sea  of  Azof  and  the  Black  Sea  on  the  one  side,  and  the  Caspian  with  the  Aral 
on  the  other,  at  a  period  when  other  beds  of  the  same  inland  sea  (the  steppe  lime- 
stones) had  been  elevated  and  formed  to  a  great  extent  their  shores.  At  the  same 
time  we  are  ready  to  admit,  that  a  portion  of  the  steppe  of  tLe  Caucasus  may  have 

■  Fulla-t's  Travel*  through  the  Southern  Provinces.    English  edition.  4to.  p.  305. 

■'  In  the  expedition  of  General  De  Berg  from  the  Caspian  to  the  Aral,  the  greatest  obstacles  to  the 
passage  of  the  guns  and  heavy  baggage  were  similar  oasrt  of  marine  mud  to  the  north  of  the  Ust-Urt, 
which  were  not  frozen  hard,  even  when  the  thermometer  stood  many  degrees  below  zero. 

*  In  bis  work  upon  the  Caucasus,  M.  Dubois  has  shown,  that  masses  of  rock-salt  bare  been  formed 
even  in  the  tertiary  deposits,  by  a  conjunction  of  volcanic  eruptions  with  the  desiccation  of  ancient  sea 
bottoms.  The  same  results  are  indicated  in  the  Isle  of  Tcheleken  in  the  Caspian,  where  the  springs  of 
naphtha  and  salt  issue  from  beneath  the  marine  mud.  (Sec  Felkener  a/  tupra,  p.  310.) 
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been  desiccated  at  a  more  recent  period  than  the  steppe  of  Astrakhan.  To  what 
extent  our  colour  representing  the  period  intermediate  between  the  elevation  of  the 
steppe  limestones  on  the  one  hand  and  the  true  historic  .era  on  the  other,  may  be 
correct,  particularly  in  the  eastern  portions  to  which  we  have  extended  it,  must  be 
hereafter  the  subject  of  critical  research.  But  both  these  divisions  of  the  former  or 
great  Aralo-Caspian  epocb  were,  we  doubt  not,  antecedent  to  historic  records. 
The  old  opinion  of  the  eastern  extension  of  a  vast  Caspian1  of  all  but  historical 

i  The  exact  and  definitive  result-  of  the  operations  carried  out  by  the  Imperial  Government  to  deter- 
mine the  true  level  of  the  Caspian,  executed  by  the  able  mathematicians  Fuss.  Sawitch  and  Sabler,  hare 
been  recently  communicated  to  us  by  M.  Struvc.  the  distinguished  astronomer,  under  whom  the  observa- 
tions were  compared.  Four  trigonometrical  levcllings.  between  the  Sea  of  Azof  and  the  Caspian,  were 
made,  independently  of  each  other,  and  the  results  of  each  were  as  follows : 

The  levelling  of  M.  O.  Fuss  gave  the  depression  of  the  Caspian  =  85-0  English  feet. 
Sawitch  „  „  =  83-2 

(1st)    Sabler  .,  „  =839 

(•2nd)   Sabler  ..  ,.  =83  0 

The  combination,  therefore,  of  these  very  closely  agreeing  observations,  gives  a  mean  result  of  83'6  En- 
glish  feet,  and  reduces  the  possible  error  to  1-3  foot  of  more  or  less  depression. 

The  operations  commenced  on  the  shore  of  the  Sea  of  Azof  near  the  village  Kagalnik  (see  Map),  and 
the  following  table  explains  the  position  and  height  of  the  ground  at  the  places  where  observations  were 


Approximate  distance  from 

Height  above  the 

the  Sea  of  Azof. 

Block  Sea. 

Kagalnitskaya  (station) 

70  versts 

112  English 

Novo  Egorlich  (village) 

120 

348 

Srcdny  Egorlich  (village) 

150 

237 

Letnitskoi  (village) 

200 

184 

Novo-Troitskaya  (station) 

250 

495 

stavropol(city),on  tnemgnest  f 

froun  jgoo 

1688 

between  the  two  seas 

Alexandrov  (borough) 

380 

1020 

Georgievsk  (city) 

440 

970 

Ekaterinograd  (station,  formerly 

a  city)  520 

613 

Mosdok  (city) 

560 

432 

Navur  (station) 

610 

308 

The  steppe  is  cut  by  the  level  of  the  Black  Sea  at  the  distance  of  seventy  versts  from  the  Caspian  and 

Kialiar  (city)  fifty  versts  from  the  Caspian  —  27° 

Tchernoi-Rinok  (village)  three  versts  from  the  Caspian  —  71° 

The  two  last  mentioned  places  are,  therefore.  27  and  71  feet  below  the  level  of  the  Black  Sea. 
In  saying  that  we  confidently  rely  upon  the  high  authorities  above-mentioned,  it  is  right  to  state,  that 
M.  Hommaire  de  Hell  having  made  a  series  of  levelling*  from  the  mouth  of  the  Kuma  on  the  cast  to  that 
of  the  Manitch  on  the  west.  (,  e.  along  the  low  banks  of  these  two  rivers,  the  result  of  his  operation  is.  that 
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date,  was,  indeed,  likely  to  prevail,  at  a  period  when  it  was  not  ascertained,  whether 
the  fossils  of  the  steppe  limestone  differed  or  not  from  the  shells  of  existing  na- 
ture ;  and  when,  from  the  want  of  accurate  admeasurements  of  the  relative  heights 
of  land  and  water  it  was  imagined,  that  the  whole  of  this  region  was  a  depression 
on  the  surface  of  the  earth  ;  the  present  Caspian  Sea  being  supposed  to  be  more 
than  300  feet  below  the  level  of  the  ocean.  The  Russian  researches,  to  which 
allusion  has  been  made,  have,  however,  removed  this  obscurity.  They  have  taught 
us  that  the  Caspian  is  83  6  English  feet  only  beneath  the  Black  Sea.  It  has  been 
further  ascertained,  that  the  Caspian  and  Aral  are  separated  by  the  broad  and  lofty 
isthmus  of  the  Ust-Urt,  which  from  its  condition  and  contents  must  have  been 
formed  long  antecedent  to  the  historic  sera ;  and  lastly,  it  is  now  supposed  by 
other  observers,  that  the  Aral  being  1 1 7  feet  above  the  Caspian,  is  consequently 
334  feet  above  the  Black  Sea,  Mediterranean  and  ocean  (see  section,  p.  311). 

These  great  differences  of  level  in  masses  of  water,  whose  shores  are  occupied  by 
limestones  which  must  have  been  accumulated  under  the  same  inland  sea,  were 
clearly  effected  in  very  ancient  periods  ;  for  independent  of  the  prodigious  altera- 
tion in  the  physical  outline  of  these  countries,  caused  by  the  elevation  of  former 
sea-bottoms  and  their  erection  into  barriers  which  now  separate  the  Aral  and 
Caspian  seas,  we  find  that  a  considerable  proportion  of  the  fossilized  shells  are  no 
longer  living  in  the  adjacent  Caspian,  and  thus,  independently  of  the  great  muta- 
tions of  surface,  we  are  compelled  to  believe,  that  the  steppe  limestones  are,  in 
relation  to  our  own  age,  of  high  antiquity.  In  like  manner,  though  to  a  less  ex- 
tent, we  draw  the  same  inference  concerning  the  greater  part  of  the  low  steppes ; 
for  although  from  their  relations  and  *'  facies  "  these  6ands  have  evidently  been  de- 
siccated at  a  period  subsequent  to  the  elevated  steppe  limestone  which  constitutes 
their  shores,  they  contain  some  of  its  shells,  and  among  them  species  noiv  unknown  in 
the  Caspian.  The  calcareous  hills,  and  the  low,  sandy  and  argillaceous  bottoms  of 
the  steppe,  we  consider,  therefore,  to  be  signs  of  two  retreats  of  the  same  pristine  sea, 

the  Caspian  is  18  met.  30  cent.,  or  60  04  English  feet  only  lower  than  the  Sea  of  Atof !  (See  Bull,  dc  la 
Soc.  Geol.  do  France,  vol.  xiv.  p.  322.)  'Fhis  determination,  with  many  other  admeasurements,  is  about 
to  appear  in  a  work  entitled  "  Lcs  Steppes  dc  la  Mer  Caspienne,"  some  livraison*  of  which,  already  before 
us,  do  great  credit  both  to  the  artistical  and  literary  accomplishments  of  Madame  Hommaire,  who  accom- 
panied her  husband  in  his  laborious  survey  of  these  Kalmuck  steppes.  With  every  respect  however  for 
this  author,  we  really  consider  it  impossible  that  his  one  line  of  observations  can  be  placed  in  competition 
with  the  quadruple  and  closely  compared  data  of  the  Russian  mathematicians,  to  whose  results,  in  com- 
mon with  Baron  Humboldt,  we  attach  implicit  confidence.    See  this  line  of  levels  on  Map.— May  1844. 
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whose  relics  have  been  mentioned,  or  as  we  would  express  it,  of  two  elevations  of 
the  land,  during  the  long  period  whilst  the  surface  was  assuming  its  present  out- 
line. In  reference  to  the  former  Eastern  Mediterranean,  we  can  well  imagine  how 
similar  species  should  have  exclusively  prevailed  over  so  vast  an  area,  so  long  as 
the  same  waters  covered  all  the  low  tracts  from  the  low  country  south-west  of 
Orenburg  to  the  Black  Sea,  and  how  a  sensible  change  of  animal  life  should  have 
accompanied  the  diminution  of  the  Caspian  to  its  present  dimensions  and  the  union 
of  the  Black  and  Mediterranean  Seas. 

General  view  of  the  Caspian  Deposits. — In  terminating  our  reflections  upon  the 
Aralo-Caspian  deposits,  we  beg  to  impress  upon  the  reader,  that  without  attempt- 
ing to  enter  into  details,  our  principal  object  has  been  to  demonstrate  the  existence 
of  a  former  vast,  interior  brackish  sea,  the  remains  of  which  have  an  uniform, 
limited  and  peculiar  physiognomy,  which  cannot  fail  to  be  regarded  as  one  of  the 
most  singular  features  in  the  ancient  condition  of  the  surface  of  the  globe  which  mo- 
dern researches  have  brought  to  light.  Though  the  effort  to  synchronize  precisely 
these  Caspian  deposits  with  oceanic  marine  strata  of  other  parts  of  the  world  is 
obviously  no  easy  matter,  we  have  still  good  grounds  for  believing,  that  on  the 
whole  they  are  the  equivalents  of  Pliocene  and  Post-Pliocene  deposits ;  for  on  the 
one  hand  they  clearly  overlie  strata  of  Miocene  age,  and  on  the  other  are  inti- 
mately linked  on  to  the  inhabitants  of  the  present  Caspian. 

In  respect  to  the  actual  degree  of  saltness  of  the  Caspian,  the  analyses  of 
M.  Gobel,  on  which  we  rely  (p.  308),  are  strengthened  by  the  opinion  of  M.  Eich- 
wald,  who  thus  writes : — "  I  can  assure  you  that  the  Caspian  is  much  less  salt 
than  the  Black  Sea,  and  possesses  one-sixth  part  only  of  the  saltness  of  the  ocean. 
Its  water,  however,  is  very  acrid  and  disagreeable  to  the  taste  on  account  of  the 
bitter  salts  and  naphtha  which  it  contains  in  such  quantities  that  few  animals  can 
now  exist  in  it1." 

We  have  already  explained,  that  we  believe  the  great  saltness  of  some  parts  of 
this  sea  is  due  to  brine  springs  issuing  from  the  bowels  of  the  earth — often  from 
rocks  formed  long  anterior  to  the  earliest  Caspian  deposits.  But  whether  this  be 
so  or  not,  we  base  our  general  inferences  upon  the  simple  fact,  that  shells  iden- 
tical with  those  now  living  in  the  Caspian — to  the  exclusion  of  nearly  every  oceanic 
species — are  spread  over  the  lands  of  vast  countries,  and  have  been  left  at  dif- 

1  Letter  to  M.  de  Vcrneuil,  in  which  M.  Eichwald,  extending  thi»  reasoning,  infers,  that  the  former 
Caspian  probably  contained  more  »pecie»  than  the  present  sea  (May  1844). 
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ferent  and  considerable  altitudes.  Whilst,  therefore,  we  specially  invite  the  atten- 
tion of  geologists  to  the  grandeur  and  peculiarity  of  this  former  internal  sea,  we 
think  that  its  diminution  to  the  6ize  of  the  present  Caspian  and  Aral  seas,  is 
mainly  due  to  oscillations  of  its  former  bottom.  The  eruptive  rocks  which  range 
along  the  Crimaea,  the  Caucasus  and  the  Balkhan  of  Khwarezm,  are  fortunately 
at  hand  to  explain,  that  as  igneous  matter  in  various  forms  has  sought  an  issue  at 
many  points  in  those  contiguous  mountains,  partially  raising  up  sedimentary  depo- 
sits, and  changing  their  mineral  aspect  and  condition  ;  so  probably  have  internal, 
widely  acting  expansive  forces,  derived  from  the  same  deep-seated  source,  heaved 
up,  in  broad  horizontal  masses,  to  the  different  levels  at  which  we  now  find  them, 
the  beds  of  the  former  great  Caspian  Sea.  Such  elevations  would  very  naturally, 
we  contend,  be  accompanied  by  adjacent  depressions,  and  thus  we  would  explain 
the  low  position  of  the  Caspian  Sea,  and  such  portions  of  land  around  it,  as  are 
admitted  by  all  observers  to  lie  beneath  the  surface  of  the  ocean. 

Lastly,  by  the  tint  upon  our  Map  (ltf),  which  extends  over  the  lower  steppes,  we 
merely  seek  to  indicate  a  period,  when  the  great  and  earlier  Caspian  had,  by  the 
elevation  of  its  bottom,  undergone  a  very  notable  diminution  in  size.  Our  con- 
clusion, that  this  intermediate  condition — when  such  large  tracts  of  our  present  dry 
lands  were  still  covered  by  water, — was  antecedent  to  our  own  a?ra,  is,  we  may 
observe,  strengthened  by  the  absence  of  all  traces  of  man  or  of  his  works  in  any  of 
the  most  recent  or  lower,  sandy  deposits  of  these  steppes.  The  remains  of  Mam- 
moths occur,  indeed,  in  the  sands  and  mud  of  the  most  recent  of  these  desiccated 
Caspians  with  Mytili  and  shells  adherent  to  them,  showing  by  what  races  the  ad- 
jacent lauds  were  inhabited,  when  the  waters  of  a  Caspian  covered  the  steppe  of 
Astrakhan.  On  these  terrestrial  subjects,  however,  we  shall  not  now  dilate,  though 
in  the  sequel  we  shall  endeavour  to  explain  the  nature  of  the  agency  by  which  all 
these  changes  of  land  and  water  were  brought  about,  and  lo  indicate  how  the  same 
causes,  operating  with  much  less  intensity  than  in  the  preceding  epochs,  have 
produced  comparatively  small  relative  oscillations  only  within  the  historic  age. 


Northern  extension  of  a  former  Caspian. — M.  Jasikoff  has  just  communicated 
to  us  the  interesting  fact  of  the  extension  of  Aralo-Caspian  deposits  considerably 
to  the  north  of  the  limits  with  which  we  were  acquainted.  The  most  southern 
of  these  masses  occurs  in  the  low  steppe  on  the  left  bank  of  the  Volga,  opposite 
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the  cities  of  Volsk  and  Sysran,  and  probably  communicating  with  the  same  de- 
posits in  the  large  steppe  of  Astrakhan,  ranges  northwards  to  the  junction  of 
the  Motsha  and  Kundurstsha  rivers.  The  northern  Aralo-Caspian  tract,  called 
by  M.  Jasikoff  the  "  Basin  of  Bulgar,"  is,  according  to  him,  quite  insulated  and 
separated  from  that  of  the  south  by  the  carboniferous  rocks  described  p.  85, 
which  form  the  promontory  of  the  Volga  near  Samara,  and  by  the  Permian  deposits ; 
from  whence  it  ranges  northwards  on  the  left  bank  of  the  Volga  beyond  Simbirsk, 
to  the  environs  of  Tetushi  and  Spask.  Throughout  these  tracts,  which  are  sandy 
steppes,  reposing,  as  we  believe,  upon  our  Permian  rocks,  M.  Jasikoff  has  found 
the  MytUus  polymorphic  and  other  Aralo-Caspian  shells,  and  has  thus  added  proofs 
of  another  arm,  perhaps  a  detached  bay  or  fiord  ?,  of  a  former  Caspian  Sea,  into 
which  the  Volga  of  that  day  emptied  itself  in  55°  north  latitude  (see  Map). 

Oceanic  Deposits  in  the  Ust-  Urt. — Uncertainty  as  to  the  real  Level  of  the  Aral  Sea. — 
In  the  absence  of  any  geological  survey  of  the  Ust-Urt  or  wild  plateau  between 
the  Caspian  and  the  Aral,  the  description  of  its  southern  portion  by  Captain  Abbott, 
the  presence  of  a  shell  described  by  Eichwald  as  Cyclas  Ust-uertenxis,  as  well  as  the 
account  of  the  monotony  of  the  tract  given  by  the  party  which  accompanied  Gene- 
ral De  Berg  (see  p.  310),  have  all  led  us  to  infer,  that  the  older  Caspian  deposits 
which  unquestionably  form  the  cliffs  of  tbc  Sea  of  Aral  as  well  as  of  the  Caspian, 
extended  continuously  over  the  whole  tract  which  rises  to  a  maximum  height  of  73 1 
feet.  An  excursion  to  St.  Petersburgh  since  the  preceding  sheets  were  printed  has 
induced  Mr.  Murchison  to  modify  this  opinion.  After  inspecting  certain  fossils 
collected  on  part  of  the  higher  grounds  of  the  Ust-Urt  by  M.  Basincr,  to  whom 
allusion  has  already  been  made,  and  submitted  to  him  by  Colonel  Helmersen,  he  had 
no  hesitation  in  agreeing  with  the  latter,  that  these  shells  and  the  oolitic  marly  lime- 
stone in  which  they  occur  are  of  oceanic  character,  and  synchronous  in  age  with  the 
uppermost  Miocene  deposits  of  Podolia,  Bessarabia,  and  Taganrog  already  alluded  to. 

According  to  M.  Basiner,  these  beds  appear  to  have  been  upheaved  into  a  plateau, 
which  formed  the  western  shore  of  a  former  Aral  Sea.  In  our  view,  which  sup- 
poses the  previous  union  of  that  sea  with  the  Caspian,  we  would  suggest  that  these 
upraised  oceanic  deposits  may  have  constituted  an  island  in  the  great  Aralo-Cas- 
pian brackish  sea.  Future  surveys  must  determine  this  point,  and  decide  whether 
the  earliest  Caspian  waters  may  have  communicated  with  those  of  the  Aral  by  a 
northern  strait ;  for  to  the  south  there  must  have  been  a  communication  over  the 
low  steppes  and  one  of  a  very  broad  character.    In  the  mean  time,  the  facts  before 
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us  compel  us  to  reduce  to  more  moderate  limits  than  we  assigned  to  them,  the 
oscillations  to  which  the  bottom  of  the  old  and  extended  Caspian  has  been  sub- 
jected. According  to  M.  Basiner,  the  deposits  charged  with  true  Caspian  shells, 
as  seen  on  the  western  shores  of  the  Aral,  do  not  rise  to  more  than  150  or  200 
feet  above  that  sea,  and  form  a  sort  of  undercliff  or  low  buttress  between  it  and 
the  higher  plateau  of  the  Ust-Urt.  This  elevation  agrees  with  that  of  the  steppe 
limestone  which  we  observed  on  the  shores  of  the  Sea  of  Azof  and  Black  Sea. 

We  willingly  take  this  opportunity  of  thanking  Colonel  Helmersen  for  his  timely 
correction  of  our  ideas  concerning  a  region  as  yet  unknown  personally  to  any  prac- 
tical geologist ;  and  in  referring  to  a  memoir  which  he  is  preparing,  in  illustration 
of  the  geological  fruits  of  M.  Basiner's  journey,  we  also  beg  to  say,  that  to  his 
friendly  communication  we  owe  our  first  acquaintance  with  the  existence  of  a  band 
of  eruptive  rock  (Shik  Djeli)  on  the  right  bank  of  the  Oxus,  to  the  north-east  of 
Khiva.  To  this  important  feature  a  reference  will  be  made  when  we  come  to  con- 
sider the  true  southern  prolongation  of  the  great  Uralian  chain. 

In  reference  to  the  real  level  of  the  Aral,  it  is  right  to  observe,  that  some  Rus- 
sian travellers,  particularly  M.  N.Khanikoff,  who  has  obligingly  communicated  to  us 
his  views,  are  of  opinion',  that  the  determination  of  the  height  of  that  sea  by  mere 
barometrical  observation  is  not  to  be  depended  on'.  From  a  general  survey  of  the 
surrounding  regions,  including  an  estimate  of  the  fall  of  the  Oxus  from  its  sources 
to  its  mouth,  and  from  the  level  of  the  country  between  its  western  bank  and  the 
Caspian,  M.  KhanikofT  is  of  opinion,  that  there  is  no  material  difference  between  the 
level  of  the  Aral  and  the  Caspian,  and  that  the  former,  like  the  latter,  will  be  found 
to  lie  in  a  depression  of  the  earth's  surface  In  our  previous  reasoning  we  took 
the  usually  recognised  data,  and  simply  followed  Humboldt.  But  even  should 
M.  KhanikofT s  view  be  substantiated,  our  general  reasoning  respecting  the  oscilla- 
tions of  the  bottom  of  the  great  former  Caspian,  and  its  brackish  inhabitants,  will 
not  be  affected,  though  the  intensity  which  we  have  assigned  to  such  vibrations 
must  be  diminished. 

1  Sec  M.  N.  KhanikofT  s  work  on  Bukhara,  with  maps.    St.  Petersburg!!,  1843. 

'  There  is  a  prevalent  opinion  among  those  who  have  travelled  into  the  steppes,  that  the  barometer  is 
not  to  be  there  trusted  u  a  test  of  height.  Without  again  alluding  to  the  error  into  which  geographers 
were  led  as  to  the  real  depression  of  the  Caspian,  it  L«  said  that  from  n  mean  of  twelve  observations  in 
the  Siberian  steppes,  an  observer  recently  obtained  for  a  result,  that  the  ground  between  the  Ui  and  the 
Tobol  rivers  was  beneath  the  ocean,  and  yet  these  streams  have  a  cour»e  of  hundreds  of  miles  before  they 
reach  it  1 
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In  throwing  his  eye  over  our  Map,  the  geographical  reader  will  not  fail  to  distin- 
guish some  slight  new  contours  of  the  shores  of  the  Aral,  particularly  towards 
the  north.  For  these,  and  the  extension  of  the  plateau  towards  the  north-eastern 
angle  of  the  sea,  wc  are  indebted  to  Captain  Romanoff,  of  the  Imperial  Staff-Corps, 
who  surveyed  the  ground.  According  to  this  intelligent  officer,  the  island  of  some 
size  which  has  so  long  found  a  place  in  our  maps  is  a  fable,  which  probably  origi- 
nated in  the  allegorical  style  of  the  Kirghis  inhabitants  of  the  steppes,  who  spoke 
of  it  as  a  spot  *'  from  whence  no  man  returns."  Numerous  low  islands,  however, 
occur  near  the  mouth  of  the  Sir  or  Jaxartes,  and  all  the  northern  shores  exhibit 
low  cliffs  of  marl  and  steppe  limestone. 

Shelly  Sea-Bottoms — Post  Pliocene  or  Pleistocene  Beds  in  North-eastern  Russia 
in  Europe. — Let  us  now  transport  our  readers  to  the  north  of  Russia,  and  introduce 
to  their  notice  certain  raised  bottoms  of  the  Arctic  Sea.  Throughout  a  vast  re- 
gion of  Northern  Russia  no  traces  have  been  detected  of  tertiary  deposits  of 
Eocene,  Miocene  or  Pliocene  age.  Wc  have,  indeed,  already  shown,  that  the 
whole  of  the  subsoil  of  an  enormous  northern  area,  with  the  exception  of  some 
patches  of  Jurassic  strata,  is  occupied  by  Palaeozoic  rocks,  the  surfaces  of  which 
are,  to  a  great  extent,  obscured  by  sand,  clay  and  blocks  of  northern  origin.  To 
the  consideration  of  these  last-mentioned  superficial  accumulations  we  shall  here- 
after advert,  and  we  now  proceed  to  describe  certain  true  sea-bottoms  which  we 
ourselves  discovered. 

That  beds  of  sand  and  mud,  containing  marine  shells,  the  most  of  which  are 
undistinguishable  from  existing  species,  occur  at  various  levels  above  the  sea,  and 
particularly  near  the  eastern  shores  of  Sweden  and  the  western  coasts  of  Nor- 
way, has  long  been  known  ;  but  it  was  still  a  problem  whether  this  phenomenon 
extended  eastwards  into  Russia.  No  deposits  of  this  age  had  ever  been  found  in 
Finland,  or  near  St.  Petersburgh  and  the  adjacent  Baltic  governments ;  but  in 
ascending  the  banks  of  the  Dwina  from  Archangel,  it  was  our  good  fortune  to 
observe  certain  beds,  which  from  their  structure,  fine  lamination  and  thickness, 
indicated  the  action  of  slow  and  long-continued  deposit,  whilst  the  shells  abound- 
ing in  them  (almost  undistinguishable  from  those  of  the  adjacent  White  Sea) 
announced  that  this  tract  was  submerged  during  a  very  recent  period.  We  first 
noticed  these  beds  on  the  right  bank  of  the  Dwina  opposite  the  post  station  of 
Schastozerskaya,  about  240  versts  above  the  city  of  Archangel.  At  this  spot  we 
were  much  surprised  to  find  a  profusion  of  shells  having  a  very  modern  aspect, 
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regularly  imbedded  in  clay  and  sand  of  about  ten  feet  in  thickness,  which,  covered 
by  about  twenty  feet  of  the  coarse  gravel  and  detritus  of  the  country,  reposed  at 
once  on  bands  of  red  and  white  gypsum,  subordinate  to  red  marls,  which  form  a 
part  of  the  rocks  we  have  called  Permian.  The  annexed  woodcut  conveys  an  idea 
of  this  order. 


We  afterwards  found  similar  beds  on  the  right  bank  of  the  Vaga  two  stations 
further  to  the  south.  At  the  latter  they  rest  on  strata  of  the  Permian  limestone 
which  we  have  before  described,  p.  174.  As  both  these  localities  were  seen  to 
be  in  the  valley  of  the  Dwina  or  in  one  of  its  indentations,  we  had  not  at  that 
time  (1840)  an  opportunity  of  ascertaining,  whether  these  shelly  deposits  extended 
continuously  to  any  distance  east  and  west ;  but  our  colleague,  Count  Keyserling, 
having  retraversed  the  tract  during  the  summer  of  1843,  has  discovered,  that  in  the 
sections  on  the  river  banks  of  the  upper  portion  of  the  Vaga,  such  shelly  beds 
are  not  visible.  We  might,  therefore,  view  them  as  relics  of  the  sea,  when  the 
present  embouchure  of  the  Dwina  was  a  bay  or  estuary  which  entered  for  upwards 
of  250  versts  southwards  into  the  adjacent  low  lands.  At  the  same  time  it  is  ne- 
cessary to  remember,  that  these  shelly  beds  are  covered  by  sand  and  gravel,  which 
we  should  have  great  difficulty  in  separating  from  the  superficial  northern  drift. 
A  recent  excursion  through  Sweden  has,  indeed,  convinced  us,  that  in  the  neigh- 
bourhood of  Upsala,  marine  post-pliocene  deposits  containing  the  Tellina  Bal- 
tica,  are  there  covered  by  coarse  gravel  and  large  erratic  blocks,  as  stated  by 
Mr.  Lyell'. 

Some  of  the  shells  on  the  banks  of  the  Dwina  and  Vaga,  which  have  been  pre- 
served in  the  blue  clay  or  marine  mud,  and  thereby  totally  excluded  from  atmo- 
spheric influence,  have  retained  all  the  freshness  of  their  original  colour,  with  their 


'  See  Phil.  Tn»n».  1835,  Part  I. 
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valves  often  adherent ;  and  the  whole,  even  when  hlanched,  are  generally  in  an 
excellent  state  of  preservation.  The  collection  we  made  (the  work  of  two  or  three 
hours)  has  been  examined  by  Dr.  Beck  of  Copenhagen,  Mr.  Smith  of  Jordan  Hill, 
Scotland,  Mr.  Lyell  and  Mr.  G.  Sowerby,  all  of  them  well  versed  in  the  forms  of 
shells  which  occur  in  raised  sea-beds. 

Dr.  Beck  considers  all  the  species  examined  by  him  (fifteen  in  number)  to  be 
identical  with  those  now  existing  in  northern  seas  which  range  from  42°  to  84° 
north  latitude.  Mr.  Smith,  on  the  contrary,  believes  that  though  many  of  these 
species  are  recent,  some  are  of  peculiar  varieties  now  found  in  desiccated  and  ele- 
vated sea-beaches  only,  such  as  those  to  which  he  has  given  so  much  attention  on 
the  banks  of  the  Clyde  and  the  western  shores  of  Scotland.  Mr.  Lyell  entertains 
the  same  view,  and  at  once  recognizes  the  group  as  identical  with  that  which  he 
had  described  from  Uddevalla  in  Sweden.  Lastly,  Mr.  G  Sowerby,  differing  from 
Mr.  Smith  in  a  few  specific  identifications,  is  also  of  opinion,  that  the  shells  of 
which  we  now  subjoin  a  description,  though  on  the  whole  an  association  of  exist- 
ing species,  have  yet  among  them  forms  seldom,  if  ever,  found  except  in  raised 
sea  bottoms  of  a  sub-fossil  character. 

List  of  Shells  found  upon  the  Dwina  and  at  Ust-Vaga,  named  by  Mr.  Smith 
and  Dr.  Beck,  with  remarks  by  Mr.  G.  Sowerby. 

1.  Saxicava  urcricu  {Sirialrlla  arctita,  Linn.,  Myt  iysttfern,  O.  Fbr.).— May  be  regarded  at  a  distinct  specie-, 

from  S,  rvgma  ;  but  it  is  alio  found  living  from  the  Arctic  region*  to  5 1  *  north  latitude. 

2.  A/yn  tniacala,  Linn. — Recent  in  northern  seas  ;  fossil  in  many  localities.    (Uddevalla,  fcc.) 

3  a.  Mya  ?.— It  U  difficult  to  decide  whether  or  not  this  should  be  regarded  as  merely  a  variety  of  the  last, 

or  a  distinct  species.    It  U  found  fossil  in  several  localities,  but  I  doubt  if  it  has  been  found  recent. 

3.  Littorima  ftr/orea,  Ferr. — A  very  abundant  recent  species  between  "4°  and  44°  north  latitude 
Perl     I  land'  I  ^ecent '  Newfoundland,  *na'  to  56°  north  latitude. 

m    $      iou.  —  ^jingj  Clyde,  Bute  (Uddevalla). 

5.  Nueula  rtutrala.  Lam.  —A  living  northern  form  -  N.  Mumja  of  Mr.  Smith's  list 

6.  TMina  ealcam,  Chemn.— Also  living  in  northern  latitudes,  toward*  CO'  north  latitude.   (Fossil  at  Uddt- 

vaila,  &c.) 

7.  IWUmOrmlmdico  \  Both  these  fossil  species  of  Ust-Vaga  are  widely  diffused  in  a  living  state.  (Fossil 

8.  MglilM  tdulii         J     at  Uddevalla,  &c.) 

9.  Cardium  cilialttm  },  O.  Fbr.  Faun.  Gr.  (C.  Itlandieum,  Chcmn.)-  It'  this  be  the  Cardium  nlialum,  we  art 

entirely  unacquainted  with  that  kpeeies  in  England.  The  form,  as  far  as  may  be  judged  from  the  very 
incomplete  specimens,  approaches  nearer  to  some  Australian  than  to  northern  forms.  It  is  very  dil- 
ferent  from  any  northern  form  that  I  am  acquainted  with. 

10.  Cardium  Gra vlamlinim.—  Probably  the  same  as  the  recent  species. 

1 1 .  Cardium  tdule.  Linn. — Ranges  to  42'  north  latitude. 

12.  Attartt  Borralit,  Nilsson  ( Craaina  »ilhami.  Smith).— Recent  northern  species,  60°  north  latitude  ;  fossil 

but  not  recent  in  the  Clyde  (Dr.  Beck  identifies  it  with  A.  semita/cora,  Gray). 
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13.  Atiortt  rulrata,  Xilsson  (not  Trnu  Scotica,  IV  Montf.),  hut  very  near  to,  if  not  identical  with,  the  recent 

Ailartr  Garriuu,  Auct.  Scot.  These  specimens,  which  are  marked  A.  Garrtwu  by  Mr.  Smith, 
together  with  those  marked  A.  rliiptira  by  him,  are  positively  identified  with  the  fossil  Astute  of 
the  Clyde,  which  he  also  calls  ./.  Gartruii.    (Or.  Beck  identifies  it  with  A.  Stttita.) 

1 4 .  Aitartr  Damnomntu.  Lam. — Living  in  M",  56  north  latitude.  Among  the  species  of  Astarte  submitted  to 

me  there  is  no  one  to  which  this  name  can  properly  be  attached. 

15.  Attwt*  tomprrua  (l'*mu  rmmfrttm,  Mont.}.— Why  Mr.  Smith  has  called  this  A.  aVpvasa  I  know  not. 

fossils  are  even  closer  in  resemblance  to  the  recent  species  than  the  Clyde  fossils. 
1G.  Attartt  muUimtata),  Smith. 

1 7.  Atlarle  lirymta  ?,  Smith. — Thorn-  shells  which  Mr.  Smith  has  called  A.  Dam»onitmt  are  essentially  different 

from  that  specira.  as  well  a*  from  every  other  recent  Astarte  known  to  me.  This  species  seems  to 
me  ident.cal  with  the  fossil  named  A.  drpr,™,  by  Mr.  Smith. 

18.  Natieu  cJokm.- Recent  in  northern  seas  and  fossil  in  the  Clyde.    (Fossil  at  Uddcvalla.  «cc.) 
19-  Hueriniim  aadWaas.-  A  rather  slender  variety. 

20.  fuu  carinatut.  Lain. — Same  as  the  recent  species. 
1 1 .  Itnlaaut  unkatm,  Linn.-  Ranges  to  54°  north  latitude.  •. 

tft.  AW«i  raitrata,  Lam.  nec  Sow.— 63"  to  M°  north  lat.  I  —These  occur  in  Dr.  Beck's  list  only  '. 
•23.  n.s.— Recent  at  SpUlbttgaB,  J 

After  the  opinions  of  such  naturalists  (however  the  identity  of  a  species  or  two 
may  be  contested),  there  can,  we  presume,  exist  no  doubt,  that  our  deposits  of  the 
Dwina  and  the  Vaga  are  analogous  to  those  described  by  numerous  authors  as 
forming  ancient  raised  beaches  (Post -Pliocene)  at  different  levels  in  the  British 
Isles,  Sweden,  Norway,  &c. 

Deposits  also  of  a  precisely  similar  nature  occur,  here  and  there,  on  the  coasts 
of  the  Gulph  of  St.  Lawrence.  They  have  been  observed  by  Captain  Bayfield,  R.N. 
in  the  environs  of  Quebec,  at  heights  varying  from  50  to  200  feet  above  the  sea*. 
Mr.  Logan  has  followed  them  inland  towards  Montreal,  where  they  reach  an  ele- 
vation of  four  hundred  and  nitty  feet  above  the  Atlantic3  ;  and  it  is  very  remarkable, 
that  they  contain  very  nearly  the  same  group  of  shells  as  the  deposits  of  the  North 
of  Europe,  the  most  frequent  species  in  both  countries  being  Mya  truncata,  Saxi- 
eava  rugosa,  Tellina  calcarea,  T.  Groenlandica,  Mytilus  edulis,  Pecten  Islandicus,  and 
Xatica  clausa.  The  wide  distribution  of  these  Arctic  shells  is  a  most  remarkable 
fact,  and  one  from  which  we  may  infer,  that  if  the  climate  was  then  colder  than  it 
is  at  the  present  day,  the  distribution  of  temperature  over  a  large  portion  of  the 

1  That  Dr.  Beck  may  have  seen  some  specie*  not  examined  by  Mr.  O.  Sowerby  is  very  protnble,  as 
the  former  was  supplied  with  a  collection  from  the  same  locality  in  the  possession  of  M.  E.  do  Vcr- 
neuil,  the  latter  by  one  brought  to  England  by  Mr.  Murchison. 

'  Geological  Proceedings,  vol.  iii.  p.  1 19,  and  Trans.  Geol  Soc  2nd  ser.,  vol.  vi.  p.  135. 

1  Proceedings  of  Geol.  Soc.  vol.  iiL  p.  769. 
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northern  hemisphere  was  nearly  the  same.  To  this  point,  however,  we  shall  re- 
turn in  a  concluding  chapter  of  Part  II.,  when  we  consider  the  transport  of  erratic 
blocks. 

In  previous  pages  we  have  more  than  once  adverted  to  the  strict  conformity 
with  which  deposits  of  very  different  age  succeed  each  other  in  various  parts  of 
Russia,  and  we  have  guarded  our  readers  against  the  inference,  that  such  relations 
should  be  taken  as  any  proof  of  the  overlying  stratum  having  been  formed  imme- 
diately after  that  which  is  subjacent.  We  now  adduce  still  stronger  evidence,  that 
great  oscillations  between  land  and  water  must  have  taken  place,  without  in  the 
slightest  degree  deranging  the  position  of  the  strata  of  anterior  epochs,  which,  for- 
merly depressed  beneath  the  sea,  were  raised  to  the  surface,  and  now  form  part  ol 
the  continent. 

A  section  near  the  mouth  of  the  Vaga  exhibits  the  same  post-plioccnc  bed* 
perfectly  conformable  to  limestones  with  Producti  and  corals  of  the  Permian  rocks, 
as  expressed  in  this  wood- 
cut. If  unacquainted  with 
the  great  distinctions  between 
the  Palaeozoic  shells  beneath, 
and  those  of  post-pliocene 
age  above,  an  observer  might 
indeed,  he  here  led  to  view 
them  as  parts  of  an  undi- 
vided or  unbroken  series;  but  geology  teaches  us,  that  an  enormous  interval 
elapsed  between  their  formation,  during  which  the  older  Permian  strata,  first 
elevated  and  removed  from  the  influence  of  marine  deposits,  were,  after  a  long 
lapse  of  ages,  submerged  and  covered  by  the  sand  and  mud  with  post-pliocene 
shells,  and  afterwards  raised  into  their  present  position.  And  yet  with  all  this 
oscillation,  these  shells  being  now  about  1 50  feet  above  the  sea,  the  most  perfect 
parallelism  between  the  two  sets  of  strata  is  preserved'. 

In  speaking  of  this  amount  of  elevation,  it  is  important  to  recollect,  that  the  beds 
at  Uddevalla,  1000  miles  distant  from  those  of  the  Dwina,  and  in  which  some  of 
the  same  species  arc  found,  arc  about  200  feet  above  the  sea,  and  that  similar  beds 

1  Considering  that  the  Dwina  descends  from  Ust-Vagu  to  Archangel,  a  distance  of  about  240  vcraU, 
it  i«  not  unreasonable  to  suppose,  that  the  pleistocene  beds  at  the  former  place  lie  at  the  height  of  150 
fect,  and  barometrical  observation*  of  Count  Keyserling  lead  to  the  l 


332 


RAISED  SEA  BOTTOMS  OF  THE  PETCHORA. 


in  Norway  and  America  occur  at  various  levels  from  40  to  600  feet'.  Now  as  we 
necessarily  infer,  that  waters  containing  identical  oceanic  species  must  have  stood 
at  the  same  level,  and  cannot  have  lain  at  such  different  heights  within  the  same 
recent  period,  no  reasonable  hypothesis  can  be  entertained,  except  that  to  which  we 
have  alluded  in  speaking  of  the  former  Caspian  deposits,  and  which  refers  these 
different  levels  of  the  same  sea-beds  to  different  degrees  of  elevation.  It  is,  indeed, 
almost  unnecessary,  in  the  present  state  of  geological  science,  to  sustain  by  our 
northern  examples,  that  which  has  been  so  clearly  demonstrated  around  the  coasts 
of  the  British  Isles  and  North  America,  and  of  which  such  decisive  proofs  have 
been  already  adduced  in  this  work  from  the  South  of  Russia. 

The  nature  and  origin  of  the  superficial  detritus  which  covers  these  Arctic  shells 
will  be  hereafter  explained  j  but  we  may  here,  however,  remark,  that  the  coarse 
gravel  and  sand,  which  surmount  the  beds  of  shells  upon  the  Vaga  and  the  Dwina, 
and  which  wc  cannot  well  separate  from  the  erratic  block  phenomenon,  must  all 
have  been  accumulated  under  water. 

We  may  now  say  a  few  words  upon  the  nature  of  the  other  recent  marine  deposits 
in  the  north-east  of  Russia,  to  which  allusion  has  previously  been  made,  though  we 
are  not  yet  furnished  with  full  details.  Fragments  of  sea-shells,  apparently  of  ex- 
isting Arctic  forms,  have  been  observed  by  Count  Keyserling  (18431  in  many  parts 
of  the  valley  of  the  Petchora,  extending  inland  to  upwards  of  3°  of  latitude  south 
of  the  mouth  of  that  river  (68^  to  65{  north  latitude),  on  the  banks  of  which 
they  are  strewed  about  upon  argillaceous  slopes,  for  the  most  part  composed  of 
Jurassic  shale.  They  do  not,  however,  show  themselves  in  regular  beds,  like  those 
of  the  Dwina  or  the  Vaga. 

This  observation  of  our  friend  is  valuable  in  enabling  us  to  form  a  more  correct 
opinion  now  than  during  our  first  tour,  respecting  the  relations  of  some  of  these 
sea-bottoms  to  other  superficial  detritus.  He  has  remarked,  that  the  shells  are 
found  in  the  depression  of  the  great  valley  of  the  Petchora  only,  and  never  on  the 
plateaux,  nor  even  in  the  tributaries  of  that  river  which  descend  from  and  cut 
through  such  plateaux,  and  hence  he  believes,  that  such  shelly  deposits  were 
formed  in  an  estuary  of  the  northern  ocean,  which  penetrated  into  a  continent 
that  had  already,  to  a  great  extent,  assumed  its  present  contour.    In  fact,  we 

1  For  more  details  upon  the  subject  of  the  elevation  of  the  coasts  of  Norway,  we  recommend  our 
readers  to  peruse  the  highly  instructive  memoir  of  M .  Elic  dc  Beaumont,  entitled  "  Rapport  sur  un  Me- 
moire  de  If.  BrmvaU"  (Extrait  de»  Coroptes  Rendu*  a  I'Acad.  des  Sciences,  31  Oct.  1W2). 
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distinctly  learn  from  hiua,  that  whilst  these  modern  shells  extend  along  the  valley 
of  the  Petchora  or  its  slopes,  the  higher  grounds  are  occupied  by  sand,  gravel  and 
clay,  containing  here  and  there  the  bones  of  Mammoths.  His  inference,  therefore, 
is  that  bays  of  the  sea  (such  as  that  of  the  Petchora) ,  in  which  the  Arctic  shells 
lived,  entered  far  into  low  lands,  the  interior  of  which  were  then  inhabited  by 
great  extinct  Mammalia ;  and  thus  it  would  appear,  that  these  last  raised  shelly 
oceanic  deposits  of  the  north  are  probably  in  the  parallel  (as  to  time)  of  the  desic- 
cated steppe  of  Astrakhan,  into  which  tbe  remains  of  similar  mammals  were 
washed  from  the  adjacent  lands  of  those  regions.  For,  as  no  regular  beds  with 
subfossil  shells,  covered  with  gravel  and  sand,  like  those  upon  the  Dwina  and  the 
Vaga,  have  been  observed  upon  the  Petchora,  it  may,  after  all,  be  maintained,  that 
the  broken  and  superficial  shells  in  the  latter  tract  are  marine  residue  of  a  still 
more  recent  elevation. 

Upon  this  point,  however,  some  uncertainty  must  prevail,  until  a  greater  number 
of  species  of  shells  be  collected  and  the  tract  be  more  examined. 

Conclusion  of  Part  L — If  we  at  once  proceeded  to  complete  our  geological  sketch 
of  Russia  in  Europe,  we  ought  now  to  enter  upon  the  discussion  of  the  relative 
antiquity  of  other  superficial  deposits  in  which  no  sea-shells  occur,  such  as  the 
coarse  detritus  with  foreign  blocks,  the  "  black  earth,"  the  Mammoth  alluvia,  &c. 
Before  we  do  so,  however,  the  structure  and  outlines  of  the  great  regions  inha- 
bited by  lost  species  of  mammals,  as  well  as  the  relation  of  the  Ural  Mountains  to 
the  adjacent  parts  of  Siberia  and  Russia,  must  be  explained,  both  anterior  to  and 
during  those  comparatively  recent  periods.  Although,  therefore,  wide  tracts  in 
Northern  Russia  are  covered  with  varied  detritus  of  sand,  clay,  erratic  northern 
blocks  and  black  earth,  nearly  all  of  which  were,  we  believe,  deposited  under  water, 
we  think  it  expedient,  for  the  better  comprehension  of  the  whole  subject,  to  defer 
that  discussion. 

Some  naturalists  have,  indeed,  regarded  the  phamomenon  of  erratic  blocks  as 
one  of  a  purely  terrestrial  nature,  and  have  connected  their  transport  with  the 
movement  of  enormous  glaciers  over  the  surface  of  the  earth.  Differing  as  we  do 
entirely  from  such  a  hypothesis,  in  reference  to  the  detritus  of  Russia,  we  beg  to 
argue  that  case  separately  and  entirely  upon  its  own  merits.  Before,  however,  we 
venture  upon  this  difficult  question,  the  whole  of  the  data  must  be  got  together ; 
for  unless  the  reader  shall  have  previously  obtained  a  clear  conception  of  the  ante- 
cedent changes  by  which  the  relations  of  land  and  water  were  established,  he  will 
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have  great  difficulty  in  following  our  reasoning  upon  the  origin  of  certain  great 
surface-accumulations  which  are  yet  undescribed. 

In  the  part  of  the  work  which  we  now  conclude,  we  have,  indeed,  purposely 
avoided  any  interference  with  our  main  object,  of  presenting  to  the  reader  a  clear 
description  of  the  materials  which  have  been  progressively  accumulated  under  the 
waters. 

This  first  division  of  the  geological  history  of  so  large  an  empire  is  simply, 
therefore,  to  be  viewed  as  an  effort  to  describe  the  long  submarine  succession1 
which  is  exhibited  in  the  solid  frame-work  of  European  Russia, — a  succession 
which  we  have  now  traced  from  the  earliest  animal  epoch,  to  a  period  in  which  the 
shelly  remains  of  the  sea  approach  very  closely  to  those  of  our  own  ara. 

1  See  Tubular  View  attached  to  the  Map. 
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CHAPTER  XIV. 


THE  URAL  MOUNTAINS. 

Introductory  Remarks. — General  Sketch  of  the  Ural  Mountains. — Difficulties  opposed 
to  their  complete  exploration. — The  colonized  or  Russian  portion  of  the  Chain  the 
chief  object  of  the  present  Work.— Prevalent  physical  features. — Practicable  routes 
and  navigable  streams. — Zavods  or  Mines,  and  their  inhabitants. — Maps  and  Sec- 
tions.— Method  of  developing  our  geological  views. 

Though  the  Ural  Mountains  have  been  examined  during  more  than  a  century 
and  a  quarter,  and  although  many  of  their  rocks  and  minerals  have  been  described 
by  men  of  science,  their  true  geological  structure  has  not  yet  been  sufficiently 
explained.  This  statement  should  not,  however,  excite  surprise.  Considering  the 
short  space  which  has  elapsed  since  the  conquest  of  Siberia,  and  up  to  how  recent 
a  time  these  mountain  tracts  remained  in  a  state  of  impenetrable  forest,  inha- 
bited by  idolatrous  Voguls  and  Ostiaks  upon  the  north  and  Mahomedan  Bashkirs 
on  the  south,  we  ought  rather  to  feel  astonishment  at  the  rate  with  which  the  re- 
gion has  been  cleared  and  civilized  through  the  introduction  of  European  manners 
and  mining  industry. 

When  Peter  the  Great,  with  a  keen  perception  of  the  surest  methods  of  advan- 
cing his  empire,  selected  the  first  Demidoff,  to  explore  the  iron-ores  of  these  moun- 
tains, he  laid  the  foundation  of  the  great  native  mineral  wealth,  which  now  so 
conspicuously  distinguishes  Russia  from  all  the  surrounding  nations.  The  earliest 
mining  establishments  or  Zavods  planted  by  that  great  sovereign  are  still  the 
centres  of  activity,  and  have  served  as  models  after  which  numerous  other  works 
have  been  formed,  both  by  the  government  and  private  speculators. 

In  the  days  of  Pallas,  geology  was  so  little  understood  (a  few  gold-mines  only 
being  known  and  a  great  portion  of  the  country  unreclaimed),  that  the  descriptions 
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of  the  great  naturalist  are  chiefly  to  be  viewed  as  vivid  portraits  of  living  nature. 
As  such,  indeed,  his  observations  have  well  stood  the  test  of  time,  and  small  glean- 
ings only  have  remained  for  those  who  followed  him. 

Since  that  time,  the  Russian  miners,  learning  their  first  lessons  from  foreigners, 
have  become  a  well-informed  class,  independent  of  extraneous  aid,  and  their  di- 
rectors (officers  of  the  Imperial  School  of  Mines)  have  described  the  lithological 
and  mineral  characters  of  the  country,  around  their  respective  posts,  with  great 
fidelity.  Some  of  these  works,  to  which  we  shall  hereafter  allude,  arc  illustrated 
by  maps,  and  for  a  further  acquaintance  with  them  we  request  our  readers  to 
consult  the  instructive  volumes  of  the  Mining  Corps.  Among  these  authors  they 
will  not  fail  to  distinguish  Colonel  Helmerscn,  for  his  determination  of  the  chief 
heights,  for  his  graphic  sketch  of  the  general  features  of  the  mountain  range,  as 
contrasted  with  the  remote  Altai,  and  for  many  geological  and  lithological  distinc- 
tions, made  in  conjunction  with  his  associate  Professor  Hoffman1. 

In  our  own  day,  Humboldt,  however,  is  the  individual  who  has  given  a  cos- 
niical  importance  to  this  chain,  by  showing  how,  in  common  with  other  mountains 
which  have,  what  he  terms,  a  meridian  direction,  it  possesses  auriferous  and  pecu- 
liar metalliferous  characters.  By  his  comprehensive  general  views,  the  illustrious 
traveller  and  his  enlightened  companion,  Mr.  G.  Rose,  have  also  gone  far  towards 
rendering  the  task  of  geologists  both  light  and  easy,  for  they  have  clearly  indicated 
the  principal  forms  of  a  large  portion  of  these  mountains,  the  direct  dependence 
of  the  metamorphism  and  mineralization  of  sedimentary  masses  upon  the  intrusion 
of  plutonic  matter,  and  have  acquainted  us  minutely  with  the  uature  of  the  cry- 
stalline rocks  and  simple  minerals  of  the  chain.  Again,  judging  from  organic 
remains  sent  to  him  by  the  Russian  authorities,  or  brought  back  by  Baron  Hum- 
boldt and  his  associates,  M.  von  Buch  had  asserted  the  existence  of  Silurian  and 
carboniferous  rocks  in  the  Ural. 

After  such  results,  what  then,  it  may  be  asked,  remained  to  be  accomplished  ? 
We  answer — To  identify  the  broken  masses  of  those  mountains  with  their  types 
in  other  countries — to  compare  them  with  deposits  in  the  plains  of  Russia  whose 
age  we  had  determined — and  to  produce,  if  practicable,  a  general  geological  view 
and  map  of  the  whole  chain. 

1  We  do  not  here  s|>ccifj-  all  the  authors  who  describe  the  structure  of  the  Ural,  but  besides  those 
above  cited  and  others  (of  whom  hereafter),  we  highly  esteem  the  merits  of  Hermann  (Min.  Bcschr.  de«. 
Ural  E«effcb..  &c).  Kupffcr  (Ee«ai  d'un  Tab.  Geogn.  dc  l  Oural),  and  Ad.  Erinan  (Reise  urn  die  Erde). 
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Baron  Humboldt,  we  may  add,  was  among  the  first  to  urge  us  onwards  in  this 
work,  and  has  throughout  our  labours  afforded  us  every  assistance. 

But  even  when  so  encouraged,  our  task  would  have  been  hopeless,  had  we  not 
previously  made  ourselves  well  acquainted  with  the  nature  and  order  of  the  strata 
which  occupy  the  great  adjacent  regions  on  the  west.  It  was  only  therefore,  after 
we  had  learnt  our  lesson  amid  the  slightly  consolidated  and  unbroken  deposits  of 
Russia  in  Europe,  whose  history  and  succession  have  been  explained,  that  we 
ventured  to  decipher  the  intricate  relations  of  rocky  masses,  which  in  the  Ural  are 
thrown  about  in  much  apparent  confusion.  Before,  however,  we  enter  upon  the 
details  of  this  survey,  we  would  explain  a  few  of  the  difficulties  which  are  opposed 
to  the  establishment  of  clear  results  ,  and  in  doing  so,  throw  a  glance  over  the 
general  contour  and  external  condition  of  the  chain. 

Viewed  as  the  great  barrier  which  separates  Europe  from  Asia,  and  pertaining  to 
both,  the  Ural  Mountains,  in  a  limited  view,  have  been  usually  said  to  range  from 
the  Arctic  Ocean  on  the  north,  to  the  parallel  of  Orenburg  on  the  south,  or 
throughout  18°  of  latitude. 

Though  no  travellers  have  yet  continuously  explored  these  tracts  of  the  chain 
which  lie  between  (Jo°  north  latitude  and  the  Northern  Sea,  there  is  little  doubt, 
from  what  has  been  detected  in  the  Isle  of  Vaigatz,  where  Silurian  and  other  pa- 
Ueozoio  fossils  occur,  that  the  geological  system  of  the  Ural  is  continuous  to  that 
point1.  We  know,  indeed,  from  the  explorations  of  Captain  Strajefski  to  r»5°  north 
latitude,  that  the  axis  of  the  chain,  at  least  its  eastern  flank,  is  composed  of  rocks 
essentially  similar  to  those  of  the  Ural  of  the  Russian  miners,  and  from  that  point  to 
the  Northern  Ocean  other  proofs  have  been  obtained  that  the  chain  is  persistent  in 
its  characters*.  Again,  by  the  recent  explorations  of  one  of  our  own  party  (Count 
Keyscrling)  to  GGJ°  north  latitude,  we  have  ascertained,  that  the  western  flanks  of 
the  chain  (near  the  sources  of  the  river  Ussa)  are  Composed  of  the  same  palaeozoic 
rocks  which  wc  are  about  to  describe  in  the  colonized  and  mining  districts. 

But  in  a  wider  geographical  and  geological  sense  the  Ural  Mountains  have 

1  That  the  central  axis  of  the  Ural  is  prolonged  to  the  isle  of  Vsijatz.  was  recently  ascertained  by 
the  observations  nnd  collections  of  the  naturalists  Schrenk  and  Lchtuaon.  See  also  Hermann.  Mineral. 
Beschrctb.  vol.  i.  p.  4  ;  and  Humboldt.  Asic  Ccntrale,  vol.  i.  p.  4fi4. 

«  Wc  have  already  alluded  to  the  discovery  of  Jurassic  strata  in  latitude  G4°  on  the  east  flank  of  the 
Ural  by  Captain  Strajefski  (p.  230).  and  of  the  same  on  its  western  flank  by  Count  Keyscrling  in  a  still 
higher  latitude.  These  sedimentary  flanking  deposits  have  obviously  no  connection  with  the  structure  of 
the  chain. 
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even  a  much  more  extended  range.  From  the  prevalence  of  Orthoceratites,  Pro- 
duct!, and  other  fossils,  as  well  as  from  carboniferous  matter  in  their  rocks,  M.  Baer 
has  suggested  that  the  large  islands  of  Nova  Zemlia,  stretching  out  so  far  north- 
wards into  the  Arctic  Ocean,  are  in  truth  also  a  prolongation  of  the  Ural  and  its 
dependencies'.  A  reference  to  a  general  map  of  Northern  Asia  might  lead  any  one 
to  believe,  that  Nova  Zemlia  is  in  fact  simply  a  continuation  of  the  chief  or  central 
mass  of  these  mountains. 

An  eastern  limb,  radiating  to  the  north-north-east  from  65°  north  latitude, 
passes  into  the  Obdorsk  mountains  and  the  great  promontory  which  separates 
the  gulf  of  the  Obe  from  that  of  Kara.  First  explored  by  Sujeff  under  the  direc- 
tions of  Pallas,  the  correct  geographical  position  and  altitude  of  these  mountains 
were  only  determined  by  the  enterprising  geographer  Adolphe  Erman,  who  fixed 
their  direction  to  be  3;V  east  of  north,  and  their  loftiest  summit  to  be  5286  feet 
high.  Lowering  gradually  as  it  trends  to  the  south-west,  this  Obdorsk  ridge  unites 
with  the  Ural  in  G5°.  (See  General  Map,  PI.  V.) 

Viewing  then  the  Obdorsk  mountains  as  a  great  north-eastern  embranchment, 
and  the  line  of  Vaigatz  and  Nova  Zemlia  as  marking  the  extension  of  the  central 
chain,  we  might  geographically,  almost  consider  a  newly  discovered  line  of  eleva- 
tion on  the  north-west,  as  a  third  range  of  the  Northern  Ural. 

This  western  chain  is  one  which  has  been  made  known  by  the  recent  labours 
of  our  colleague  Count  A.  V.  Keyserling  and  his  associate  Lieutenant  Krusenstern, 
and  which  rising  near  the  main  Ural  or  middle  chain  in  latitude  62°,  trends 
in  a  north-north-westerly  direction  for  the  space  of  about  500  English  miles,  and 
exposing  all  the  edges  and  succession  of  its  rocks  on  the  east  side  of  the  gulf  of 
Tcheskai,  finally  disappears  in  the  headland  of  Kanin-nos  near  the  extremity  of 
our  Map.  This  range,  the  chief  part  of  which  is  called  the  Timan,  is  however, 
strictly  speaking,  separated  from  the  Ural  by  a  trough  of  Jurassic  deposits,  and  • 
traversing  in  its  northern  part  a  region  occupied  by  Samoyedes,  extends  beyond  the 
limits  of  the  growth  of  forests  in  these  parallels  of  longitude.  It  was,  indeed, 
wholly  unknown  to  geologists  and  scarcely  known  to  geographers,  except  through 
old  works  of  the  sixteenth  century*,  till  the  close  of  the  summer  of  1843,  when  its 

'  Bull.  Scient.  de  l'Acad.  dc  St.  P<itcrsbourg,  torn.  iii.  No.  10. 

*  Humboldt  cites  an  old  map  engraved  on  wood  in  1547  at  Nuremberg,  on  which  the  courses  of  the 
Pctchora  (Peczora),  L'ssa-  and  Sosva  (Sos&a)  are  approximately  laid  down.  The  chief  ridge  of  the  t'rul 
i»  termed  "  Monies  dicti  Cingulus  tcrrtc."    Asie  Centralc,  vol.  i.  p.  456. 
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geological  explorer,  Count  Keyserling,  returned  to  St.  Petersburgh  (see  General 
Map,  PI.  V.).  His  survey  shows,  that  forming  the  western  flank  of  the  great  valley 
of  the  Petchora  and  the  eastern  limit  of  the  great  Permian  basin,  this  ridge,  though 
composed  of  palaeozoic  and  mctamorphic  deposits  which  have  been  pierced  by 
igneous  rocks,  ought  to  be  dissociated  from  the  Ural  in  a  geological  sense,  and  must 
rather  be  viewed  as  the  stony  girdle  of  Russia  in  Europe,  which  extending  from 
Scandinavia  on  the  north-north-west,  envelopes  and  forms  the  natural  mural  portion 
of  the  adjacent  European  formations.  This  ridge,  whose  strata  contain  organic 
remains  which  throw  great  light  on  the  palaeozoic  fauna  of  Russia,  will  be  con- 
sidered in  a  separate  chapter. 

The  extreme  southern  limits  of  the  Ural  are  viewed  by  Humboldt  as  extending 
considerably  to  the  south  of  the  parallel  of  Orenburg,  viz.  by  the  mountains 
Mugodjar  to  Mount  Airuk,  whilst  its  extreme  southern  end  is  considered  by  him 
to  lie  in  the  higher  grounds  between  the  Aral  and  Caspian  Seas.  The  recent 
discovery  of  a  ridge  of  eruptive  rock  to  the  north  of  Khivah,  to  which  we  have 
before  adverted,  to  say  nothing  of  a  better  acquaintance  with  the  structure  of  the 
crystalline  chain  which  trends  southwards  from  Mount  Airuk  towards  the  Aral  Sea, 
seems  even  to  extend  the  generalization  of  Humboldt,  and  to  lead  us  to  believe 
in  a  great  southern  prolongation  of  igneous  and  palaeozoic  rocks,  which,  ranging 
into  Central  Asia,  beyond  the  depression  of  the  Aral,  constitutes  the  high  ground 
on  the  right  batik  of  the  Oxus '.  In  this  extended  sense,  then,  a  grand  meridian 
elevation,  of  which  the  Ural  Mountains,  properly  so  called,  is  the  distinguishing 
central  feature,  has  a  length  of  nearly  30°  of  latitude. 

For  a  knowledge  of  the  north-eastern  flank  of  the  chain,  extending  from  60° 
to  65°,  we  shall  appeal  to  Russian  authorities  ,  whilst  our  own  acquaintance  with 
some  features  of  the  western  flanks  within  the  same  latitudes,  enables  us,  as  above 
said,  to  speak  personally  of  a  tract  (the  Timan  ridge)  not  previously  visited  by 
any  geologist.  Our  chief  observations  are,  however,  restricted  to  that  part  of  the 
chain  which  is  colonized  and  accessible  ;  viz.  from  Bogoslofsk  in  60°  to  Orsk  and 
Orenburg  in  51°,  or  throughout  9°  of  latitude. 

Within  these  parallels,  the  average  altitude  of  the  mountains  does  not  exceed 

'  Our  acquaintance  with  the  structure  of  the  southern  prolongation  of  the  Ural,  beyond  Mount  Airuk, 
i»  due  to  If.  N.  Khanikoff,  Captain  Romunofr,  and  the  researches  of  M.  Basincr  obligingly  communicated 
to  us  by  Colonel  Helmerscu. 

2  Y 


342 


NORTH  URAL  OF  THE  RUSSIAN  MINERS. 


from  2000  to  2500  feet,  though  their  outline  is  diversified  by  groups  which  rise 
from  3000  to  near  6000  English  feet  above  the  sea. 

Throughout  that  portion  of  the  tract  which  is  situated  between  Bogoslofsk  on 
the  north  and  Kishtymsk  on  the  south,  or  in  reference  to  the  names  of  separate 
peaks  between  Konshakofski  Kameu  and  Jurma,  there  is  but  one  dominant 
mountain  ridge,  with  low  parallel  counterforts  both  on  its  east  and  western  flanks. 
To  the  south,  however,  of  Jurma,  the  chain  branches  out  into  fan-shaped  masses. 
The  most  western  of  these,  comprising  several  ridges,  terminates  in  a  low  re- 
gion towards  Orenburg,  and  is  to  some  extent  prolonged  in  the  slight  undulations 
of  the  Obschey  Sirt.  The  central  masses  of  this  southern  Ural  may  be  spoken  of 
under  two  heads ;  those  which  bifurcating  from  the  lofty  Iremcl  range  into  the 
plateau  of  Preobrajensk  on  the  west,  and  into  the  sharp  ridge  of  Kyrkty  and 
Irendyk  uj>on  the  east ;  whilst  the  Ilmen  and  its  southern  extension,  the  Kara 
Edir-tau,  constitute  the  eastern  or  flanking  ridge  of  Siberia. 

Enlarging  upon  the  determinations  of  Hermann,  Hclmersen  and  Hoffman, 
Baron  Humboldt  has  seized  upon  this  southern  expansion  of  the  Ural,  and  illus- 
trating it  with  his  usual  felicity,  has  shown  how  from  a  single  chain  in  the  central 
portion,  it  passes  into  a  trifurcation  which  is  persistent  from  51°  to  '>'<-/'  north 
latitude'.  Having  crossed  and  recrosscd  this  southern  portion,  where  it  is  most 
expanded,  we  think  that,  whether  their  mineral  constitution  or  physical  features 
be  considered,  these  masses,  when  viewed  in  detail,  are  more  numerous.  To  this 
point,  however,  we  shall  subsequently  revert. 

In  the  following  remarks  we  shall  first  treat  of  the  northern  and  afterwards  of 
the  southern  portions  of  the  chain  which  we  examined. 

When  approached  by  the  usual  high  road  from  its  western  or  European  flank, 
the  North  Ural  of  the  Russian  miners  appears  little  more  than  a  low  hilly  ridge, 
for  the  most  part  densely  wooded  ;  and  although  a  line  of  rock  appears  at  intervals, 
the  Ural  Mountains  of  the  traveller's  imagination  are  reduced,  when  they  appear 
in  sight,  to  a  mere  range  of  mounts,  seldom  exceeding  in  apparent  height  the  Vosges 
between  Metz  and  the  Rhine.  Their  real  height  is,  however,  more  considerable, 
the  deception  being  produced  by  the  traveller  having  already  gradually  ascended 
to  some  altitude  above  the  sea,  before  he  obtains  a  view  of  the  chain.  Those  per- 
sons, indeed,  who  have  only  passed  over  it  by  the  route  to  Ekaterinburg,  at  the 


'  Am  Centnde.  toI.  i.  p.  433-439. 


ROUTES  ACROSS  THE  URAL. 


343 


rapid  rate  of  Russian  travelling,  might  almost  doubt  the  existence  of  a  chain,  for 
the  road  is  there  carried  over  the  watershed  at  the  point  of  its  greatest  depression, 
and  where  the  outline  is  round-backed  and  featureless.  The  same  may  be  said 
of  the  central  crest  between  Ulagodat  and  Serebriansk,  and  also  of  the  pass  near 
Katchkanar  in  the  parallel  of  Verkhoturie,  by  both  of  which  we  travelled,  except 
that  upon  these  lines  the  "  divortia  aquarum  "  is  enlivened,  at  intervals,  by  bold 
and  serrated  crags.  From  certain  localities,  however,  on  the  Siberian  side  the 
traveller  can  form  a  more  adequate  conception  of  these  mountains.  In  travelling 
by  the  ordinary  route,  from  Europe,  he  gradually  approaches  them  from  undula- 
tions, amid  which  the  central  ridge  is  often  nearly  lost ;  whilst  to  many  parts  of  the 
lower  plateau  of  Siberia  they  present  themselves  as  a  serrated,  mural  and  naked 
ridge,  which  peering  through  the  forests,  has  the  aspect  of  a  mountain  escarp- 
ment. Of  the  nature  of  this  central  crest,  composed  of  quartzose  and  iu  t  amorphic 
rocks,  the  view  at  the  head  of  this  chapter  affords  a  characteristic  idea,  and  in  the 
sequel  other  sketches  will  be  given  of  the  appearance  of  the  chain,  whether  exa- 
mined in  its  most  elevated  portion  or  on  its  Siberian  flank. 

The  width  of  the  mountain  region  may  be  variously  computed,  according  to  the 
definition  of  the  geographer.  Humboldt  places  the  average  at  twelve  to  fifteen 
French  leagues,  or  at  about  the  width  of  the  Pyrenees.  The  true  ridge,  however, 
or  Ural-tau,  whatever  local  names  may  be  given  to  it  by  the  natives  in  different 
parallels,  must  simply  be  considered  as  the  dividing  crest  which  parts  the  waters  of 
Europe  from  those  of  Asia.  But  as  throughout  a  considerable  space  the  flanking 
ridges  are,  as  before  said,  insignificant,  though  in  other  parts  they  rival  the  water- 
shed itself  in  height,  it  is  not  easy  to  define  the  breadth  of  ground  which  should  be 
included  in  the  term  Ural  Mountains.  This  remark  specially  relates  to  what,  for 
our  present  purpose,  we  shall  call  the  North  Ural ;  viz.  from  Petropaulosk  and  the 
most  northern  Russian  mines — from  the  point,  in  fact,  where  colonization  ceases 
northwards,  to  the  cluster  of  summits  before  alluded  to,  and  which  radiating  from 
Jurma  or  Yurma,  pass  to  the  south-west  and  south  by  Zlataust  and  Miask. 

In  the  northernmost  part  of  this  tract,  dense  forests  and  impassable  marshes 
very  frequently  obscure  the  watershed,  which  is  diversified  solely  by  occasional 
stony  peaks,  lifting  their  heads  through  monotonous  and  silent  woodlands,  which 
would  to  this  day  have  been  peopled  by  a  few  wild  Voguls  only,  had  not  the  precious 
ores  led  the  Russians  to  colonize  and  clear  them.  Yet  with  all  the  progress  which 
has  been  made,  the  only  good  carriage  road  completely  across  the  North  Ural 
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is  in  the  parallel  of  Ekaterinburg.  Two  other  transverse  roads  to  the  north  of 
that  town  are,  indeed,  practicable,  but  they  run  for  a  certain  distance  only  j  the 
one  serving  as  the  line  of  communication  between  the  Imperial  Zavods  of  Kush- 
vinsk  and  Serebriansk,  to  effect  through  the  latter  a  junction  with  the  Tchus- 
sovaya  river  ;  the  other  passing  from  the  Zavod  of  Nijny  Tagilsk  by  Vissimo  Shait- 
ansk  to  Ilinsk  on  the  same  stream,  which,  from  the  point  where  it  is  navigable, 
becomes  the  medium  for  the  transport  of  the  heavy  merchandize  that  passes  from 
Siberia  into  Russia.  Still  further  to  the  north  lay  the  old  high  road  from  Perm, 
Viatka  and  Solikamsk  to  Verkhoturie,  or  that  by  which  in  earlier  days  the  Russian 
exiles  were  transported  to  Siberia,  but  being  disused  it  has  now  relapsed  into  an 
impassable  wilderness1. 

Checked  in  our  wish  to  traverse  the  chain  by  that  line,  we  were  enabled,  through 
the  kindness  of  our  deceased  friend  the  Prince  Butera*,  to  pass  it  on  horseback  by 
a  track  which  had  not  been  used  for  many  years,  and  which  leading  us  by  the 
picturesque  and  lofty  rocks  of  Katchkanar,  placed  us  in  communication  with  the 
Imperial  Zavods  on  the  east,  in  the  parallel  of  58°  north  latitude. 

Enough  has  already  been  said  of  the  impediments  in  the  North  Ural  to  rapid 
scientific  researches  ;  but  our  readers,  who  have  seen  how  in  the  flat  regions  of 
Russia,  we  acquired  a  knowledge  of  the  subsoil  by  interrogating  the  river  banks, 
might  naturally  ask,  Why  not  resort  to  the  same  method  in  the  mountains?  In 
truth  we  did  so,  to  as  great  an  extent  as  our  limited  time  and  the  nature  of  the 
region  would  permit ;  but  a  glance  at  the  Map  will  show  how  rarely,  in  the  absence 
of  roads,  we  could  avail  ourselves  of  such  facilities. 

Though  on  the  whole  a  very  low  chain,  the  Ural  completely  plays  the  part  of 
the  Alps  and  some  great  mountains,  by  throwing  off  its  waters  to  either  flank  of  a 
central  axis  ;  for  throughout  its  whole  range,  from  the  uncolonized  and  savage 
wilds  of  the  North  to  the  parallel  of  Orenburg,  the  "divortia  aquarum"arc  nowhere 
cut  through  by  any  great  transverse  fissure,  and  are  not,  therefore,  crossed  by  any 
stream.  In  the  neighbourhood  of  the  central  depression  and  to  the  south  of  Eka- 
terinburg, it  is  true,  that  in  its  upper  part,  the  Tchussovaya,  where  it  is  very  small, 
winds  obliquely  through  the  central  hills  ;  and  a  similar  example,  as  cited  by  Hum- 

1  A  still  more  northern  route  is  marked  upon  the  Map  of  Humboldt  and  Rose,  viz.  from  Tscherdyn 
to  Pctropavloik,  but  we  apprehend  that  it  aUo  is  not  pn.»*uble,  except  in  winter. 

•  Married  to  the  Russian  proprietress  of  these  mines,  cited  by  Baron  Humboldt  as  Countess  Polier  in 
a  previous  munttge 
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boldt,  occurs  in  an  upland  valley  north-cast  of  Zlataust,  which  sends  one  rivulet 
to  feed  the  Miass  upon  the  east  and  another  to  the  river  Ai  upon  the  west ;  but 
these  are  mere  exceptional  streamlets,  and  are  not  navigable  by  the  smallest  boat 
or  canoe. 

Nor  can  the  Ural  or  Yaik  itself  be  said  to  cut  through  the  chain,  for  it  flows 
southwards  along  the  eastern  flank  of  the  mountains,  so  long  as  they  maintain 
their  lofty  character.  It  is  only  when  they  apparently  terminate,  by  subsiding  for 
a  considerable  space  into  the  low  tracts  of  the  Kirghis,  that  this  river  finds  an 
issue  to  the  west  in  a  wide  transversal  valley,  and  passing  in  which  from  Orsk  by 
Orenburg  to  the  Caspian,  it  is  prevented  from  flowing  southwards  to  the  Aral,  by 
the  high  grounds  which  in  the  broad  sense  before  stated  form  the  southern  pro- 
longation of  the  Ural  Mountains. 

We  conceive,  indeed,  that  nearly  all  transverse  gorges  by  which  rivers  escape 
across  ridges  from  one  water  basin  to  another,  are  nothing  more  than  ancient 
apertures  in  the  crust  of  the  earth  which  have  resulted  from  former  oscillations 
and  consequent  disruption  and  denudation  of  the  rocks.  For  although  cases  are 
known  in  which  the  strata  on  either  side  of  a  gorge  do  not  exhibit  signs  of  un- 
conformability  or  dislocation  (and  such  may  be  cited  as  examples  of  pure  denu- 
dation only),  still  we  believe  that  even  in  such  exceptions,  the  transverse  chasm  has 
been  mainly  produced  by  a  great  vibratory  movement,  giving  rise  to  a  fissure,  the 
depth  and  size  of  which  has  been  augmented  by  powerful  denudation  when  the 
land  and  waters  were  changing  their  relations.  We  maintain  that  highly  inclined 
or  torrential  streams  only  can  have  made  a  perceptible  impression  in  laying  open 
mountain  gorges  which  were  not  natural  fissures ;  or,  in  other  words,  that  rivers, 
properly  so  called,  have  never  cut  sections  through  chains,  but  simply  flow  in  chasms 
prepared  for  them.  Remarkable  examples  of  such  phenomena  are  to  be  seen  on 
the  flanks  of  every  great  mountain  chain  from  the  Alps  to  the  Andes,  and  on  a 
smaller  scale  in  numerous  parts  of  the  British  Isles'. 

Hut  if  the  crest  of  the  Ural  chain  be  not  rent  by  distinct  transverse  gorges,  its 
flanks  and  counter-forts,  both  on  the  cast  and  west,  expose  many  such,  in  which 
flow  streams,  some  of  them  navigable.  We  therefore  took  advantage  of  the  Sere- 
brianka  and  the  Tchussovaya  on  the  west  of  the  ridge,  and  of  the  Issetz  and  Sosva 
on  the  east ;  and  as  these  rivers  flow  respectively  from  east  to  west  and  west  to 

'  See  Silurian  System,  pp.  236,  422  et  passim,  and  the  Memoirs  of  Mantell.  Fitton.  Martin  and  Hop- 
kins on  the  Weuldcn,  &c,  in  the  Transaction*  and  Proceedings  of  the  Geological  Society  of  London. 
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east,  we  were  naturally  enabled  to  read  off  upon  their  banks  the  true  relations  of 
the  strata,  on  either  side  of  the  crystalline  meridian  axis. 

In  the  northern  mining  tracts,  or  in  all  the  country  between  Ekaterinburg  and 
Bogoslofsk,  considerable  facilities  for  inquiry,  indeed,  exist ;  since  they  abound  not 
only  in  good  communications  between  the  Zavods',  hut  also  in  lines  of  intercourse 
with  their  detached  mines. 

In  these  districts  all  difficulties  have,  in  truth,  vanished  before  the  perseverance 
and  energy  of  the  Russian  miners,  whose  labours  have  thinned  the  forests,  erected 
commodious  and  often  splendid  buildings,  drained  the  marshes,  filled  the  gorges 
with  lakes  (for  water  is  their  great  mining  power),  and  rendered  the  tracts  around 
their  Zavods  the  residence  of  a  population  more  advanced  in  knowledge  than  any 
with  which  it  was  our  lot  to  meet  in  the  greater  part  of  the  Russian  Empire.  Yet 
in  no  work  of  geography  or  statistics  can  the  general  reader  acquire  an  adequate 
conception  of  the  highly  flourishing  condition  of  these  centres  of  industry,  each 
more  populous  and  thriving  than  many  towns  which  arc  marked  on  maps  in  large 
letters  ;  and  though  it  is  not  our  object  on  this  occasion  to  enter  into  economical 
details,  we  cannot  avoid  stating,  that  these  establishments,  both  Imperial  and 
private,  often  contain  many  thousand  industrious  workmen,  whose  houses  and 
essential  comforts  we  have  seldom  seen  surpassed  in  the  manufacturing  towns  of 
Europe.  When  once  the  inmate  of  these  hospitable  establishments,  the  geologist 
can  effect  with  comparative  ease  any  inquiry  which  lies  within  the  circuit  of  their 
jurisdiction  ;  and  under  the  powerful  recommendations  with  which  we  travelled, 
obstacles  were  overcome,  which,  if  unprotected  travellers,  we  could  not  have 
attempted  to  face. 

The  Southern  Ural  of  our  Map,  i.  e.  all  the  mountainous  region  extending  from 
55^°  north  latitude  to  the  parallel  of  Orenburg,  being  much  less  densely  wooded 
and  much  less  marshy  than  the  Northern  Ural,  is  necessarily  more  accessible  to 
geological  research.  Near  the  northern  end  of  this  division  of  the  chain,  lie  Miask 
on  the  east  and  Zlataiist  on  the  west  ;  the  former  the  most  important  auriferous 
Zavod  of  the  south  .  the  latter,  as  its  name  (gold-mouth)  implies,  a  de'bouche' 
for  the  metal  into  Europe.  An  excellent  road  is  necessarily  kept  up  between 
them,  which  affords  a  most  instructive  transverse  section',  and  supplied  us  with 

1  Upon  oui  Map  all  the  Zavods  are  engraved  in  a  strong  character,  in  order  to  mark  their  statistical 


•  See  PI.  III.  f.  1. 
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the  characteristic  sketch  of  the  central  crest  rocks  represented  at  the  head  of  this 
chapter.  Whilst  Ekaterinburg,  the  chief  town,  is  celebrated  for  water- works,  which 
polish  the  hard  porphyries  and  precious  stones  of  the  Ural,  Zlataiist  has  become 
the  great  Imperial  workshop  of  the  chain.  Under  the  direction  of  the  able  engi- 
neer and  metallurgist  General  Andsoft",  this  establishment,  whether  for  the  supe- 
riority of  its  blades  of  damasked  steel  or  its  richly  embossed  ornaments,  may  truly 
be  called  the  Sheffield  and  Birmingham  of  Eastern  Russia. 

As  few  tracts  far  to  the  south  of  Miask  have  been  found  to  contain  productive 
gold  alluvia,  and  as  the  country,  though  rich  in  soil  and  vegetation,  is  chiefly  inha- 
bited by  poor  and  pastoral  Bashkirs,  no  strong  reasons  have  existed  for  rendering 
it  easy  of  access.  Two  practicable  routes,  however,  exist  across  this  southern  por- 
tion of  the  chain  (besides  that  from  Orsk  to  Uralsk),  both  of  which  we  were 
enabled  to  follow,  through  the  obliging  arrangements  of  General  Perovski.  The 
one  called  the  starai-tract ,  or  old  road,  traverses  obliquely  from  Orenburg  to 
Verch  Uralsk,  passing  by  the  plateau  of  Sakmarka  and  the  Irendyk  Hills  (here  the 
Ural-tau  or  crest) ;  the  other,  the  commerzi  tract,  or  commercial  road,  in  great  part 
completed  by  orders  of  General  Perovski,  crosses  the  numerous  high  ridges  of  which 
the  western  flanks  of  the  chain  are  there  composed,  and  among  which  the  pictu- 
resque river  Bclaia  threads  its  course  into  the  lower  countries  on  the  west. 

In  concluding  this  introduction  it  may  be  stated,  that  besides  making  lateral 
excursions,  we  traversed  the  Ural  Mountains  in  seven  different  parallels,  the 
geological  features  of  which  we  have  endeavoured  to  represent  by  as  many  coloured 
sections.  Divided  into  two  parties  of  research,  and  meeting  occasionally  at  the 
chief  places  only,  we  were  thus  enabled  simultaneously  to  examine  the  European 
and  Asiatic  flanks  of  the  chain,  and  accordingly  to  accomplish  nearly  as  much  in 
one  season  as  any  single  party  could  have  brought  to  light  in  two.  In  addition  to 
the  traverses  of  the  chief  ridge,  we  made  many  lateral  and  longitudinal  excursions, 
and  extended  our  travels  eastwards  as  far  as  Kaltchedansk  and  Troitsk,  in  order 
to  make  ourselves  acquainted  with  the  essential  distinctions  of  the  subsoil  of  Si- 
beria as  contrasted  with  that  of  European  Russia.  Again,  as  before  indicated,  we 
extended  our  researches  in  a  subsequent  year  to  the  Timan  ridge,  a  great  north- 
western appendage  of  the  chain,  hitherto  entirely  undescribed. 

But  notwithstanding  every  exertion  in  our  power,  we  are  fully  aware  that  our 
results  must  on  many  points  be  defective,  in  the  distinctions  which  ought  to 
characterize  a  well-digested  geological  memoir.    We  profess,  however,  simply  to 
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offer  a  general  sketch  of  these  mountains,  which,  imperfect  as  it  may  be  in  details, 
and  particularly  in  the  demarcation  of  the  outline  of  the  formations,  will  still,  we 
trust,  be  found  to  assign  the  chief  rocks  of  the  Ural  chain  and  Timan  ridge  to 
their  proper  places  in  the  geological  series. 

Provided  with  the  useful  geographical  map  compiled  by  Humboldt  and  Rose, 
it  was  at  first  our  intention  not  to  attempt  any  other  definition  of  the  Ural  than 
that  which  is  given  in  our  general  geological  map  of  Russia  (PI.  VI.).  The  Imperial 
countenance  with  which  we  were  favoured,  led,  however,  to  the  acquisition  of  some 
geographical  data  with  which  our  precursors  were  not  furnished,  and  we,  therefore, 
caused  a  separate  map  to  be  prepared  of  all  the  Uralian  regions  from  the  north  of 
Bogoslofsk  to  the  south  of  Orenburg,  which  we  have  endeavoured,  however  im- 
perfectly, to  colour  geologically'  (PL  VII.). 

In  the  following  descriptions,  therefore,  the  reader  will  do  well  to  consult  both 
the  general  map,  in  which  the  Ural  forms  the  eastern  boundary,  and  also  the  de- 
tailed map  in  which  the  relative  positions  of  places  can  be  better  traced.  The 
geographical  materials  for  the  construction  of  the  latter  arc  chiefly  derived  from 
the  Prussian  map,  and  on  it  we  have  inserted  the  knowledge  we  obtained  from 
local  surveys  of  Russian  officers  at  the  Zavods  of  Bogoslofsk,  Ekaterinburg  and 
Zlataiist,  as  well  as  what  we  could  derive  from  the  writings  of  Helmersen,  Hoff- 
man, Humboldt,  &c.  The  chief  additions,  however,  in  our  map  appear  in  the 
southern  divisions  of  the  chain,  and  are  taken  from  original  field  sketches  exe- 
cuted by  the  stafl'  under  the  orders  of  General  Perovski,  late  Governor-general  of 
Orenburg,  and  kindly  preseuted  to  us  by  that  distinguished  officer.  Lastly,  the 
coloured  sections  which  we  have  prepared  (Plates  II.,  III.,  IV.  and  V.),  may, 
we  trust,  explain  better  than  pages  of  writing,  the  dominant  structure  of  the  Ural 
Mountains,  as  seen  in  a  number  of  parallels  throughout  nine  degrees  of  latitude. 
With  due  attention,  therefore,  to  these  coloured  sections,  and  an  occasional  glance 

1  Both  reaps  have  been  prepared  in  London  by  Mr.  Arrowsmith,  under  the  direction  of  Mr.  Murchison, 
who  has  published  the  larger  one  in  the  last  volume  of  the  Royal  Geographical  Society.  The  original  map 
of  the  South  Ural,  as  compiled  by  order  of  General  Perovski,  from  the  surveys  of  the  Russian  staff  under 
General  itakotofski,  and  now  deposited  in  the  Apartments  of  the  Royal  Geographical  Society,  U  a  work 
highly  creditable  to  the  officer*,  who  prepared  it  from  their  field  sketches.  The  last  corrections  of  the 
Map.  PI.  VII.  nre  taken  from  the  labours  of  Mr.  J.  Khanikoff,  who  is  preparing  a  Russian  map  of  these 
territories,  and  we  refer  with  pleasure  to  a  new  geographical  memoir  by  him  upon  the  Southern  Ural 
and  adjacent  regions,  which  Mr.  Murchiaon  has  communicated  to  the  Royal  Geographical  Society  of 
l<ondon. 


Digitized  by  Google 


CHARACTER  OF  OUR  DESCRIPTIONS.  349 

at  the  maps,  woodcuts  and  scenic  sketches  which  are  annexed,  we  hope  that  the 
following  explanations  may  be  considered  adequate  to  the  sole  object  we  have  in 
view, — a  general  acquaintance  with  the  age  and  relations  of  the  masses  composing 
these  mountains,  and  the  mutations  they  have  undergone.  We  beg,  therefore,  that 
our  efforts  may  simply  be  viewed,  as  a  continuation  and  extension  of  the  important 
researches  of  Humboldt,  Rose  and  Helmersen,  to  whose  views  of  metamorphism 
and  mineral  structure  we  seek  to  add  a  few  clear,  general  geological  results. 

Wc  were  for  some  time  undecided  as  to  the  plan  we  should  adopt  in  describing 
the  Ural.  If,  indeed,  we  had  simply  transcribed  and  enlarged  our  notes  made  upon 
the  spot,  we  might  have  rendered  the  work  more  lively  and  palatable  to  most 
readers,  but  this  was  felt  to  be  inconsistent  with  the  method  pursued  in  other  parts 
of  the  volume,  though  after  all  we  have  imparted  much  more  of  the  character  of 
a  personal  narrative  to  the  chapters  upon  the  Ural,  than  to  those  which  relate 
to  Russia  in  Europe.  In  one  respect  we  regret  that  our  journals  have  not  been 
fully  printed ;  for  they  are  replete  with  heartfelt  expressions  of  gratitude  to  our 
kind  friends  of  these  mountains,  of  whom  we  may  truly  say,  that  they  generously 
and  hospitably  carried  out  the  wishes  of  their  Emperor,  in  His  Majesty's  desire 
to  foster  and  advance  geological  science. 
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Central  View  of  the  Geological  Structure  of  the  Ural. — First  transverse  Section  of  the 
Ural  Mountains  and  their  Dependencies,  by  the  Route  from  Perm  to  Ekaterinburg, 
with  an  Account  of  the  Eruptive  Phenomena  and  Mineral  Springs  of  Nijny  Sergiefsk. 
— Continuation  of  the  transverse  Section  along  the  Banks  of  the  Issetz,  from  Eka- 
terinburg to  Kaltchedansk  in  Siberia. — Sketch  of  the  region  Xorth  of  Ekaterinburg. 
—  Character  of  the  Rocks  around  the  Zavods  of  Xeriansk  and  Nijny  Tagilsk. 

The  Ural  Mountains  have  long  been  known  to  be  made  up  of  crystalline  and 
slaty  rocks,  replete  with  ores  and  simple  minerals,  but  their  chief  component  parts 
have  not  yet  been  sufficiently  defined,  as  consisting  of  certain  sedimentary  pa- 
laeozoic strata,  which  have,  to  a  great  extent,  been  metamorphosed  by  the 
agency  of  intrusive  or  eruptive  rocks.  From  the  presence  of  organic  remains 
traceable  at  intervals  along  both  flanks,  and  even  close  to  the  axis  of  this  chain, 
we  have,  indeed,  convinced  ourselves,  that  some  of  their  central  ridges,  whether 
in  the  garb  of  chloritic,  talcose,  micaceous  or  quartzose  rocks,  are  scarcely,  if 
ever,  of  higher  antiquity  thau  the  uusolidified  Lower  Silurian  shale  on  which  St. 
Petersburg  is  built,  whilst  others,  sometimes  also  in  a  crystalline  state,  are  of  the 
Devonian  and  Carboniferous  age.  But  though  we  saw  abundant  proofs  of  the 
presence  of  unaltered  paleozoic  strata  in  some  spots,  and  of  their  mctamorphism 
in  others,  it  was  obviously  impossible  without  much  more  continuous  labour 
than  we  could  bestow  on  their  examination,  to  separate  the  formations  as  distinctly 
from  each  other,  as  in  the  flat  and  undisturbed  regions  of  Russia  :  nor  could  we 
trace  with  accuracy  the  outlines  of  every  mass,  which  fossiliferous  in  one  part 
of  its  range,  in  another  is  either  cut  off*  by  some  outburst  of  eruptive  matter,  or 
has  through  subterranean  agency  assumed  a  peculiar  lithological  aspect.  Yet 
whilst  the  axis  of  these  mountains,  and  the  greater  part  of  their  eastern  sides, 
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are  in  such  a  broken  and  mineralized  condition,  that  the  age  and  nature  of  the  strata 
can  he  recognized  at  intervals  only,  we  have  but  to  descend  to  their  western  or 
European  slopes,  to  learn  how  very  distinctly  they  regain  their  depositary  character 
and  graduate  upwards  into  well-recognized  Devonian,  Carboniferous,  and  Permian 
deposits.  In  fact,  by  travelling  from  the  mountains,  to  the  comparatively  low 
grounds  in  the  governments  of  Perm  and  Orenburg  on  the  west,  whether  along  the 
banks  of  the  Tchussovaya  or  Bielaia  rivers,  or  even  by  some  of  the  roads,  any 
practised  geologist  may  satisfy  himself,  that  notwithstanding  numerous  contortions 
and  even  inversions  towards  the  axis  of  the  chain,  the  lower  palaeozoic  strata  (Silu- 
rian and  Devonian)  are  eventually  overlaid  by  carboniferous,  and  the  latter  by 
Permian  deposits.  Still  more  beautiful  examples  of  the  development  of  the  oldest 
of  these  palaeozoic  rocks  will  be  made  apparent,  when  we  come  to  explain  the 
structure  of  the  more  northern  or  Arctic  Ural. 

From  our  previous  pages  (pp.  137-1 G8  et  *<■</.)  the  reader  will  have  gathered, 
that  the  Ural  chain,  must  have  been  to  some  extent  elevated  into  dry  land  at 
a  very  early  period,  or  immediately  after  the  formation  of  the  carboniferous  lime- 
stone ;  for  it  has  been  shown,  that  the  Permian  accumulations  of  the  adjacent 
lower  country  are,  to  a  great  extent,  made  up  of  the  debris  of  the  older  Uralian 
rocks,  that  they  contain  fossil  vegetables  which  must  have  grown  on  these 
mountains,  and  also  have  derived  their  singular  cupriferous  character,  either  from 
mineral  springs  connected  with  the  metamorphism  of  the  Ural,  or  from  the 
wearing  away  or  destruction  of  the  numerous  masses  of  copper  ore  which  were 
formed  in  that  chain  at  a  period  of  high  antiquity. 

Whilst  the  features  of  the  western  slopes  of  the  chain  thus  enable  us  to  connect 
the  obscurer  masses  of  the  Ural  with  unequivocal  and  well-known  strata,  whose 
position  is  established,  the  Siberian  flank,  on  the  contrary,  exhibits  no  such  clear- 
ness of  order  :  even  there,  however,  we  were  enabled  to  decipher  a  disjointed  suc- 
cession, from  Silurian  to  carboniferous  strata,  though  at  rare  intervals  only,  and 
amid  occasional  deviations  from  natural  sequence.  Instead  of  occupying  con- 
tinuous zones,  as  on  the  west,  the  strata  containing  organic  remains  on  the  Asiatic- 
side  of  the  crest,  are  alone  traceable  at  wide  iutervals,  their  fragments  being  cut  off 
by  and  almost  buried  under  bands  of  eruptive  and  crystalline  character,  which 
running  from  north  to  south  and  parallel  to  the  chief  chain,  corrugate  and  em- 
bellish the  surface  by  numerous  asperities  of  outline.  (See  the  Maps,  PI.  VI. 
and  VII.) 
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ANCIENT  ELEVATION  OF  SIBERIA  ABOVE  THE  WATERS. 


It  is  on  this  eastern  flank,  where  eruptive  agency  has  been  so  active,  that  with 
rare  exceptions,  all  the  richest  metalliferous  ores  are  to  be  seen,  whether  occurring 
in  veins,  masses  or  deposits,  the  gold  alluvia  being  found  in  the  depressions  between 
the  elevations  or  on  their  flanks. 

The  low  regiou  of  Siberia  into  which  these  folds  or  corrugations  pass,  is  to 
a  great  extent  occupied  by  granitic  rocks  With  very  limited  exceptions,  true 
granites  seem  never  to  enter  into  the  higher  portions  of  the  Ural,  the  culminating 
points  of  which  generally  consist  of  altered  palaeozoic  strata,  usually  in  the  state  of 
quartzosc  and  chloritic  rocks,  sometimes  as  mica  schists,  with  saccharoid  marble  ; 
whilst  promontories  of  greenstone,  porphyry,  and  sienite  indenting  and  breaking 
in,  as  it  were,  upon  the  central  and  subcrystalline  ridge,  often  constitute  the 
highest  peaks. 

Notwithstanding,  however,  the  striking  contrast  which  is  presented  by  the  oppo- 
site sides  of  the  Ural  chain,  we  convinced  ourselves  that  in  the  earlier  periods,  there 
had  taken  place  all  over  this  region,  and  probably  extending  far  into  Siberia,  a 
deposition  of  Silurian,  Devonian,  and  Carboniferous  strata,  which  by  the  linear 
outbursts  of  granitic  rocks  on  some  lines,  and  of  porphyries  and  greenstones  on 
others,  in  lines  from  north  to  south,  were  thrown  up  into  and  formed  this  chain, 
(interior  to  the  accumulation  of  the  Permian  deposits.  As  the  latter  have  not  been 
observed  on  its  eastern  flank,  we  may  be  permitted  to  surmise,  that  in  those  early 
periods  a  large  portion  of  Siberia  adjacent  to  the  Ural,  was  also  raised  from  be- 
neath the  sea,  and  put  without  the  reach  of  these  waters,  under  which  the  copper 
sands  and  their  associated  marine  animals  were  accumulated. 

On  its  western  flank  Jurassic  rocks  occur  abundantly  towards  the  northern  and 
southern  extremities  of  this  chain,  hut  as  on  its  eastern  flank  true  Jurassic  strata 
occur  in  northern  and  southern  patches  only,  and  there  is  scarcely  a  trace  of  them 
in  the  intermediate  country,  nor,  indeed,  of  any  beds  of  secondary  age  throughout 
many  degrees  of  latitude,  we  may  infer  that,  at  all  events,  a  very  large  region  of 
Siberia  (including  that  portion  of  the  eastern  flank  of  the  Ural)  was  not  subjected 
to  marine  deposits  during  the  long  interval  which  elapsed  between  the  formation 
of  the  carboniferous  limestone  and  the  accumulation  of  certain  tertiary  deposits  of 
which  we  shall  presently  speak.  In  short,  we  hope  to  show,  that  there  is  no  evi- 
dence to  gainsay  the  hypothesis,  that  during  the  greater  part  of  the  secondary 
period,  and  afterwards  during  a  long  tertiary  epoch,  a  very  large  region  of  Siberia 
may  have  been  a  continental  mass  far  above  the  waters.    To  this  point  we  shall 
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necessarily  again  refer,  when  wc  come  to  treat  of  the  tracts  inhabited  by  the  lost 
races  of  quadrupeds. 

After  this  short  view  of  the  general  nature  of  the  chain,  we  will  now  lay  before 
our  readers  a  series  of  descriptions  of  transverse  sections  which  we  made  across 
it  in  various  parallels  of  latitude.  These  descriptions  will,  indeed,  follow  pretty 
much  in  the  order  in  which  we  travelled,  and  by  attention  to  the  coloured  sections 
(Plates  II.,  III.  and  IV.),  we  trust  that  our  readers  will  perfectly  comprehend  our 
general  views.  But  although  the  description  of  the  sections  will  sufficiently  explain 
the  leading  geological  features,  there  is  one  phenomenon  on  which  we  must  after- 
wards dwell  separately,  viz.  the  nature  of  the  gold  alluvia  ;  both  to  show  that  such 
accumulations  were  formed  in  one  of  the  most  recent  periods  of  change  which  the 
earth's  surface  has  undergone,  and  also  to  connect  it  with  the  destruction  of  the 
large  Mammalia,  at  a  time  when  our  continents  were  beginning  to  assume  their 
present  form. 

We  need  not  say  that  those  who  seek  for  detailed  lithological  distinctions  and 
elaborate  descriptions  of  mineral  structure  will  not  find  any  such  in  our  pages  :  on 
such  points  it  is  alone  necessary  to  refer  to  the  lucid  writings  of  M.  Gustaf  Rose'. 

General  Section  across  the  Ural  by  the  route  from  Perm  to  Ekaterinburg,  with  an 
account  of  the  eruptive  Rocks  and  Mineral  Springs  of  Xijny  Serginsk  (PI.  II.  fig.  1.). 
— It  has  been  previously  shown  that  the  Permian  strata,  occupying  the  regions 
watered  by  the  Kama  and  its  tributary  the  Sylva,  sweep  over  large  low  tracts  at 
the  western  slopes  of  the  Ural  Mountains,  from  whence  many  of  their  component 
parts  have  been  derived  (p.  1G8).  Extending  to  Kongur,  these  red  and  cupriferous 
deposits  becoming  highly  gypsiferous,  arc  lost  under  an  extensive  cover  of  black 
earth  between  Kongur  and  the  post-house  of  Morgunnof.  Thence  to  the  station 
Zlataustsk  the  base  of  the  country  is  calcareous,  exhibiting  here  and  there,  parti- 
cularly in  the  environs  of  Saksomsk*,  cavernous,  white  and  yellow,  dolomitic 
limestone  forming  low  hills,  which,  from  the  few  remains  detected  in  it,  and  more 
particularly  by  subsequent  examination  of  its  southern  prolongation  near  Krasno 
Ufimsk,  we  considered  to  be  carboniferous*. 

'  Reisc  naeh  dem  Ural,  dim  Altai  und  dem  Katpischcn  Mccrc  von  A.  von  Humboldt,  G.  Ehrenbenr 
und  O.  Hose.    Rcrlin.  1S37  and  1842. 
J  An  iron-work  of  M.  Alex.  Peniidolf. 

'  The  heat  \va*  intense  aa  we  passed  this  tract,  our  thermometer  in  the  shade  of  the  carriage,  even 


when  exposed  to  the  rapid  current  of  air,  being  from  !)4g  to  D'J  l'uhrenheit.  Utc  in  the  evening  it  fell 
to  88°,  and  at  sunrise  VM  69".— June  12,  1841. 
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To  the  cast  of  Zlataustsk  the  carboniferous  limestone  disappears  under  certain 
flagstones  and  grits  occasionally  calcareous,  the  extension,  as  we  believe,  of  those 
of  Artinsk  (p.  127  et  seq.),  which  give  quite  a  different  aspect  to  the  country. 
Woodlands  and  wilds  there  take  the  place  of  arable  and  pastoral  undulations,  and 
a  heavy  clay  for  the  most  part  occupies  the  surface.  On  emerging  from  these 
woodlands  the  advanced  posts  of  the  Ural  which  begin  to  show  themselves, 
nowhere  present  a  bolder  feature  than  the  Surrey  hills  as  viewed  from  the  valley 
of  the  Thames. 

At  this  point,  or  near  the  post-house  of  Altschitska,  commences  the  coloured 
section  (PI.  II.  fig.  1.).  Hence  to  Yallim,  soft  yellowish  sandstones  predominate, 
and  upon  the  banks  of  a  small  stream  they  contain  casts  of  Calamites  and  alter- 
nate with  layers  of  argillaceous  schist,  which  occur  both  in  thin  beds  and  also  in 
oblate  spheroidal  forms.  These  strata  have  the  aspect  of  carboniferous  deposits, 
and  they  unquestionably  overlie  the  true  Carboniferous  limestone.  Allusion  has 
already  been  made  to  strata  probably  approaching  to  those  in  age  on  the  banks  of 
the  Tchussovaya,  and  we  shall  afterwards  have  to  speak  of  them  on  the  western 
flank  of  the  Arctic  Ural.  In  approaching  Bissersk  they  incline  1 5°  to  20"  to  the 
east,  and  containing  plauts  (including  ferns),  become  somewhat  calcarcous.thiir 
lamination  being  marked  by  plates  of  yellow  mica. 

In  this  parallel  the  hilly  wooded  character  more  distinctly  sets  on,  and  the  tract 
diversified  by  rivulets  and  pools  of  water,  having  somewhat  the  aspect  of  the  Lower 
Jura',  may  be  viewed  as  the  first  appanage  of  the  Ural  chain*.  At  Bissersk 
the  carbonaceous  sands  and  grits  are  partially  obscured  by  loose  sand  and  clay, 

1  We  could  not  Icam  that  any  Russian  nobleman  or  country  gentleman  ever  resides  on  his  property 
in  this  very  pretty  tract.  In  fact,  the  whole  of  the  Casino  or  club  of  the  nobles  at  Purm  placed  at 
our  disposal  by  the  kind  and  hospitable  governor  M.  Ogarcf,  and  we  learnt  that  in  all  his  vast  govern- 
ment (as  large  as  the  kingdom  of  France)  three  or  four  noble  proprietor*  only  were  ever  resident. 

•  Humboldt  has  the  following  excellent  observation  when  speaking  of  this  very  point  on  the  western 
Aank  of  the  Ural :— "  Commc  presquc  partout  lea  chaincs  dc  montagnea  sV-levent  sur  un  terrain  deja 
bombe,  ct  que  des  eontreforta  plus  ou  moms  etendus  marquent  1'ltcnduc  latt-ralc  des  soulevcmcns,  il 
n'eat  pas  facile  de  circonscrire  l'arca  des  montagncs  ct  des  plaincs.  Cette  difficulty  augmente  lorsque, 
commc  dans  l'Oural,  la  chaine  n'est  elevee  a  de  grandes  distances  que  de  3  a  4  cents  toises  de  hauteur, 
et  que  loin  de  former  toujour"  une  digue  rochcuse,  elle  se  prcaente  pi u tot  comme  un  aggroupemcnt  de 
montagne*  et  de  haute  plateaux  disposes  dans  la  direction  d'un  meridien.  Comment,  par  exemple,  fixer 
les  points  oii  commence  et  oil  finit  l'Oural  dans  la  route  qui  conduit  de  Perm  et  de  Kongour.  celobre  par 
ses  cavernes  de  gypse,  par  Cathcrinenbourg  a  Tobolsk;  on  eat  incertain  si  ce  aont  Irs  cbangemens  »i 
lente  de  niveau  qui  doivent  decider  la  question,  ou  s'il  ne  faut  pas  ajouter  la  consideration  de  la  nature  dt 
la  rtche  aux  considerations  relatives  au  relief."— Atie  Ce»trale,  vol.  i.  p.  431. 
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but  at  Mayaskaya  and  Klinofskaya  Gora,  between  tbat  place  and  Klenofsk,  tbe 
beds  rise  into  rapidly  undulating  lulls,  tbe  last-mentioned  or  culminating  point 
being  (according  to  Humboldt)  about  10G2  English  feet  above  the  sea.  In  these 
hills  the  same  basis  of  gray  calcareous  psammitc  or  grit  with  plants,  is  diversified 
by  containing  numerous  pebbles  from  the  size  of  nuts  to  that  of  fists,  consisting 
of  porphyry,  quartz,  felspar,  Lydian-stonc  or  altered  slate,  and  occasionally  with 
fragments  of  the  palaeozoic  limestones  of  the  Ural,  in  which  the  fossils  are  still 
visible.  These  strata,  sometimes  horizontal  and  very  thick-bedded,  seem  to  fold 
gently  over  with  the  outline  of  the  ground.  From  sections  hereafter  to  be  adduced 
from  other  parallels,  there  is,  indeed,  no  doubt,  that  the  carbonaceous  beds  with 
plants  and  pebbles  are  clearly  separated  in  all  tbe  region  of  the  Ural,  from  the  in- 
ferior carboniferous  limestone  properly  so  called,  to  which  they  are  in  fact  uncon- 
formable ;  and  if  they  are  also  to  be  considered  of  the  carboniferous  age,  it  must  be 
admitted,  that  great  elevations  and  dislocations  of  this  chain  took  place  during  the 
formation  of  sediments  which  in  other  parts  of  Europe  constitute  the  carboniferous 
system. 

The  height  of  these  hills  increases  as  you  advance  from  west  to  east ;  for  the  bill 
of  Bcrosovskaya  Gora,  between  Klinofsk  and  Kirghishansk,  is  (according  to  Hum- 
boldt) 1230  feet  above  the  sea.  It  is  from  that  hill,  west  of  Klinofsk,  that  the  best 
view  of  the  central  or  Ural  ridge  is  obtained,  and  although  of  slight  altitude  in 
comparison  with  other  mountain  chains,  the  intermediate  succession  of  wooded 
parallel  valleys  and  lower  hills,  terminated  by  a  long  and  slightly  broken  ridge  of 
rocks,  embodies  a  vista  by  no  means  unpicturcsque. 

In  the  hills  east  of  Kirghishansk  the  grits  and  conglomerates  above  described 
(which  with  the  exception  of  the  plants  much  resemble  the  tertiary  nagelflue  of 
Switzerland)  are  succeeded  by  whitish,  hard  and  brittle,  highly  ferriferous  sand- 
stones, not  unlike  some  varieties  of  the  millstone  grit  of  England  (see  Section, 
PI.  II.  fig.  1.).  These  beds  dip  rapidly  both  to  the  east  and  west,  and,  as  we 
soon  ascertained,  arc  upon  the  outermost  lines  of  eruption  of  the  Ural  in  this 
latitude.  Towards  the  station  of  Grobovo  great  accumulations  of  very  finely 
shivered,  crystalline  limestone  are  accumulated  in  the  valleys,  and  in  the  bed  of  the 
little  rivulet,  three  versts  west  of  tbat  station,  we  found  strata  of  compact,  yellow 
limestone,  alternating  with  others  of  dark  indigo  colour,  which  containing  Pro- 
ductus  gigas,  Orthis  arachnoides  and  Encrinites,  left  no  doubt  in  our  minds,  that 
the  rock  is  truly  of  the  carboniferous  age. 
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These  beds,  sharply  inclined  to  the  east  and  by  uorth,  seemed  also  to  participate, 
like  those  of  Kirghishansk,  in  some  movements  dependent  on  eruptive  forces,  and 
having  heard  that  the  mineral  springs  of  Nijny  Scrginsk  were  situated  at  one  stage 
only  to  the  south  of  the  great  route,  we  at  once  deflected  from  it  to  examine  the 
rocks  in  their  vicinity. 

Mineral  Springs  and  eruptive  Rocks  of  Nijny  Serginsk. — Having  repeatedly  had 
opportunities,  both  in  the  Silurian  region  of  England,  in  the  Rhenish  provinces, 
and  other  parts  of  Europe,  of  proving,  that  mineral  springs  frequently  rise  to  the 
surface  at  those  points  where  rocks  of  igneous  or  plutonic  origin  have  pierced 
through  sedimentary  deposits,  our  drive  over  rich  but  wild  fields  and  pastures 
along  one  of  the  longitudinal  valleys  to  the  west  of  the  chain,  to  the  Zavod  or 
mining  establishments  of  Nijny  Scrginsk1,  was  made  in  the  full  conviction,  that 
both  the  origin  of  the  wells  and  the  dislocations  we  had  seen  on  the  sides  of  the 
high  road  (one  of  the  first  marked  disturbances  of  the  subsoil  met  with  between 
that  spot  aud  St.  Petcrsburgh)  would  be  similarly  explained.  We  were  not  disap- 
pointed. In  the  environs  of  Nijny  Scrginsk  many  of  the  greater  phenomena 
which  we  afterwards  witnessed  in  the  chief  ridge  of  the  Ural,  arc  clearly  exhibited 
on  a  small  scale ;  and  as  epitomes  are  more  easily  comprehended  than  extended 
and  discursive  statements,  we  will,  for  the  present,  interrupt  the  narrative  of  the 
first  long  transverse  section  of  the  Ural  chain  with  the  following  short  illustration. 

The  flourishing  iron-works  of  Nijny  Scrginsk  are  situated  on  the  river  Sirga, 
by  the  barring  up  of  which,  an  artificial  lake  about  six  versts  long  and  one  verst 
wide,  is  made  to  fill  the  lower  part  of  one  of  the  numerous  wooded  valleys,  recently 
purchased  from  the  former  Bashkir  inhabitants,  and  as  yet  only  partially  re- 
claimed. By  the  aid  of  this  water-power,  as  in  other  parts  of  the  Ural,  wealth  and 
comfort  are  here  diffused  through  an  increasing  and  prosperous  community. 

To  the  south  of  the  chief  Zavod  arc  thick-bedded,  quartzose  and  highly  altered 
sandstones,  occasionally  quartzose  rock,  but  still  regularly  bedded  and  alternating 
with  schists.  These  masses  strike  north-north-east,  south-south-west,  and  dip  25° 
cast-south-cast.  They  are  evidently  a  part  of  the  same  series  of  strata  seen  on 
the  high  road  in  the  valley  near  Kirghishansk.    At  the  north  end  of  the  village 

1  The  ground  around  this  Zavod  was  bought  from  the  Bashkirs  by  one  of  the  Demidoflf  family,  and 
>oUI  to  the  brothers  Oubia  of  Moscow.  'Hie  population  of  Nijny  Sergiiisk  is  2609.  that  of  the  adja- 
cent establishment  of  Aligslt  450.  They  arc  both  iron-works,  arc  admirably  managed,  and  the  workmen 
and  their  families  most  comfortably  lodged,  well-fed  and  neatly  dressed. 
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they  pass,  however,  into  amorphous  masses  of  quartz  rock,  in  which  nearly  all 
traces  of  bedding  are  obliterated,  whilst  points  of  intrusive  greenstone  appear  at 
intervals. 

He  who  disbelieves  in  the  theory  of  metamorphism  may  here  be  convinced  of  its 
truth.  In  the  short  space  of  a  mile,  since  he  can  walk  upon  the  edges  of  the  partially 
altered  beds  of  grit  and  schist,  until  he  finds  them  converted  into  amorphous  quartz 
rock,  in  contact  with  highly  crystalline  greenstone,  a  rock  which,  from  its  com- 
position and  from  the  part  it  plays  in  all  parts  of  the  world,  is  now  admitted  to  be 
of  igneous  and  intrusive  character. 

Wc  came  to  the  conclusion,  that  this  sandstone  and  quartz  rock  are  of  the  age  of 
the  millstone  grit,  because  certain  limestones  which  rise  up  behind  them  are  clearly 
referable  to  the  carboniferous  limestone.  In  the  environs  of  this  Zavod  we  could 
not,  it  is  true,  discover  any  clearly  definable  organic  remains,  so  very  much  had  the 
rock  been  altered  ;  but  the  strata  having  a  persistent  strike  from  south-south-west 
to  north-north-east,  we  observed  that  in  following  the  same  calcareous  courses 
from  Nijny  Serginsk  to  the  north,  they  became  less  altered,  and  regaining  in  a  few 
miles  the  character  they  present  upon  the  high  road  near  Grobovo,  contained  many 
carboniferous  fossils  (Bellerophon,  Pecten,  Cyathophyllum,  &c).  By  tracing  these 
calcareous  fossiliferous  masses  to  the  south-south-west  or  towards  the  points  of 
eruptive  matter,  the  changes  are  most  marked.  In  the  quarries  where  the  lime- 
stone is  extracted  as  a  flux  for  the  iron  ores,  it  is  first  found  to  become  highly  fetid, 
veined  and  heavy,  and  next  it  is  thrown  over  in  arches  and  domes,  the  angles  of 
inclination  varying  at  every  step.  In  this  condition,  though  the  rude  outline 
of  organic  bodies  is  discernible,  no  distinct  forms  can  be  traced.  Passing  on  to 
the  south  of  Nijny  Serginsk,  the  limestone,  in  a  metamorphic  amorphous  state, 
rises  abruptly  into  a  low  ridge  which  presents  a  rude  escarpment  to  the  river  Sirga, 
from  the  base  of  which  the  mineral  spring  issues. 

A  close  analysis  of  mineral  waters  formed  no  part  of  our  scheme,  and  we  there- 
fore contented  ourselves  with  tasting  the  spring,  which  is  very  copious,  and  much 
resembles  that  of  Harrowgate  in  Yorkshire,  being  equally,  we  believe,  saturated  with 
sulphuretted  hydrogen.  The  chief  geological  interest,  however,  consists  in  the 
fact,  that  whilst  the  limestone  from  which  the  spring  issues  is  a  highly  crystalline 
amoqdious  mass,  in  which  all  traces  of  bedding  and  fossils  have  disappeared,  and 
angular  joints  and  rifts  pass  through  it  in  all  directions,  hills  of  porphyry  and 
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greenstone  rise  up  beyond  and  almost  encompass  this  altered  rock,  as  represented 
in  this  woodcut. 


Having  thus  we  hope  clearly  explained  the  causes  of  the  dislocation  on  the 
high  road,  which  have  been  produced  upon  a  line  of  eruption  from  south-south- 
west to  north-north-cast,  or  parallel  to  the  adjacent  portion  of  the  Ural,  we  may 
now  return  to  the  main  section  across  the  chain,  merely  stating  by  the  way,  that 
we  traced  for  some  distance  westward  or  down  the  affluents  of  the  Ufa,  a  pebbly 
calcareous  grit  with  plants,  similar  to  that  which  has  been  described  on  the 
high  road  from  Perm  to  Ekaterinburg,  and  that  we  found  it  to  overlie  the  car- 
boniferous rocks  of  this  tract'.  We  may  also  mention,  that  already  the  difficulties 
of  making  any  traverses  of  the  Ural  except  by  practised  roads  became  apparent ; 
for  upon  expressing  a  desire  to  travel  on  horseback  or  on  foot  across  the  Ural 
from  this  point  to  Ekaterinburg,  distant  in  a  straight  line  little  more  than  sixty 
versts,  we  were  informed  by  the  manager  of  the  Zavod  that  no  Russian  ever  at- 
tempted it,  and  that  by  no  effort  could  we  accomplish  it. 

Section  across  the  Ural  resumed. — To  the  cast  of  Grobovo,  the  road  runs  in  one  of 
the  lateral  depressions,  and  little  stony  matter  is  to  be  seen.  The  absence  of  all  coarse 
detritus  is,  however,  a  phenomenon  which  cannot  but  surprise  every  geologist 

1  In  a  journey  made  by  Count  Kcyaerling,  subsequent  to  that  which  we  now  describe,  many  foasiU 
were  collected  which  throw  the  clearest  light  on  the  age  of  the  grit*  of  A  rtin-k.  See  ante,  p.  128,  where 
we  describe  a  section,  including  an  undulation  uf  Devonian  rocks,  from  Nijny  Scrginslc  to  Sarnna. 
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accustomed  to  other  mountain  chains,  for  he  has  now  absolutely  reached  the  foot 
of  the  central  ridge  of  the  Ural,  in  which  there  are  many  lofty  peaks,  and  yet  not  a 
single  far-transported  block  can  be  detected. 

At  Tchcremtsal,  twelve  versts  east  of  Grobovo,  the  rocks  are  found  to  have  par- 
ticipated in  the  altered  character  of  the  chain ;  for  the  low  counterfort  between 
this  station  and  the  river  Tchussovaya  is  composed  of  shivery,  slaty,  crystalline 
limestone,  in  which  no  stratification  is  apparent.  This  stream,  so  useful  in  trans- 
porting ores  and  merchandise  from  the  Ural  and  Siberia  to  the  Kama,  and  thence 
to  the  Volga,  becomes  navigable  near  the  point  where  it  is  traversed  by  the  road 
(north  of  Dilimbayevsk).  As  stated  in  the  introductory  pages,  it  is  one  of  the 
only  rivers  of  the  chain  with  which  we  are  acquainted,  which  in  its  origin  seems  to 
flow  through  the  central  ridge.  The  rocks,  amid  a  depression  of  which  it  winds 
obliquely  from  the  uplands,  arc  evidently  a  fair  sample  of  the  structure  of  the  axis 
in  this  parallel. 

Facilitating  our  examination  on  every  point  by  his  admirable  and  clear  arrange- 
ments, General  Tcheffkine,  the  chief  of  the  staff  of  the  School  of  Mines,  had 
directed  Captain  Karpinski  to  survey  the  banks  in  this  upper  part  of  the  Tchus- 
sovaya previous  to  our  arrival,  and  this  able  engineer  showed  us  the  specimens  of 
each  band  of  rock  on  our  arrival  at  Ekaterinburg.  This  proved  the  more  interest- 
ing  to  us,  as  the  high  road  over  the  ridge  offers  very  little  of  interest.  Proceeding 
from  the  sources  of  the  river,  these  rocks  consist,  according  to  Karpinski,  of — 

1 .  Bowks  or  bands  of  granite,  the  direction  of  which  is  from  south-south. east  to  north-north-west.  2.  A 
broad  band  of  schistose  chloritic  rocks,  separated  from  the  granite  by  porphyritic  hornstone.  3.  Va- 
ricties  of  schistone,  slaty,  porphyritic  felspar  rocks  with  serpentine.  4.  Gneisose  and  micaceous 
schists.  5.  Quartz  rocks  and  grits ;  on  the  rivulet  Kurganova  associated  with  iron  ores,  and  at 
Makarova  with  kidney  iron  ores  (hematite),  and  decomposed  felspar.  G.  Black,  shivery,  pyritous, 
slaty  schist.  7.  Whitish-grey  and  greenish,  granitoid  greenstone  (syenite).  8.  Chloritic  and  quartzose 
rocks  with  vein  stones.  The  preceding  rocks  are  found  in  the  course  of  the  stream  from  south-east  to 
north-west.  9.  Marble  in  contact  with  and  in  proximity  to  greenstone.  Thia  rock  is  seen  near  the 
point  where  the  river  first  turns  to  the  north  and  west.  10.  Serpentinous  schist  and  finely  laminated 
chloritic  schist  and  sandy  grnuwacke  schist,  not  unlike  many  Silurian  or  Devonian  beds.  11.  Talcose 
schists  and  greenstone. 

These  rocks  continue  northwards  to  Bilirabayevsk  before  alluded  to,  on  the  high  road,  and  from  the  above 
succession  therefore,  the  reader  may  apprehend  the  nature  of  the  whole  nucleus  of  thia  part  of  the 
Ural,  which  cannot  be  well  seen  without  following  the  gorge  of  the  Tchussovaya. 

Having  thus  learned,  that  no  strata  with  organic  remains  were  visible  near  the 
axis,  but  that  all  the  limestone,  sandstone  and  schists  there  associated  with  the 
greenstone,  porphyry  and  other  igneous  rocks,  were  highly  altered  and  crystalline, 
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we  resolved  to  complete  our  survey  by  descending  the  Tchussovaya  from  near  the 
spot  where  it  becomes  navigable,  and  where  the  sedimentary  rocks,  receding  from 
the  great  lines  of  eruption  of  the  Ural,  resume  their  ordinary  characters. 

As  this  examination  of  the  banks  of  the  Tchussovaya  was,  however,  connected 
with  a  traverse  of  the  Ural  on  another  parallel,  and  also  with  a  descent  of  the 
Serebrianka  river,  we  shall  postpone  our  account  of  that  operation  until  we  have 
completed  our  first  general  section  to  the  most  eastern  point  explored. 

We  therefore  return  to  our  general  section.  Near  Bilimbayevsk  (a  Zavod  of  the 
Strogonoff  family),  the  Tchussovaya,  where  the  high  road  crosses  it,  flows  in  red- 
dish  alluvia,  but  immediately  to  the  east  of  the  stream  talcose  schists  with  granu- 
lar limestone  and  iron  ore1  announce  that  you  are  already  in  a  portion  of  the  cry- 
stalline axis.  The  gentle  ascent  of  the  road,  over  which  Russian  horses  travel 
nearly  as  fast  as  in  descending,  is  conducted  on  a  smooth  talus  on  which  no  rocks 
protrude,  and  it  is  from  the  detritus  only  that  the  geologist  can  suppose  he  is 
passing  over  the  talcose,  quartzose  and  metamorphic  rocks,  so  apparent  in  other 
central  parts  of  the  chain.  To  the  east  of  Vassilivrask,  asbestiform,  serpentinous 
schists  mount  into  a  round  knoll,  and  near  the  post  station  of  Talitza,  greenstone 
is  apparent  at  the  surface  ;  but  from  the  latter  place  to  the  summit  no  rock  what- 
ever is  seen  in  situ.  The  summit  level  of  the  road  (the  lowest  pass  in  the  whole 
range  of  the  Ural)  is  not  1400  English  feet  above  the  sea,  and  does  not  exhibit  any 
marked  asperities,  the  rocks  being  only  discernible  in  openings  amid  the  fir-trees 
on  the  sides  of  the  road,  where  they  are  seen  to  consist  of  a  large-grained  horn- 
blendic  greenstone  or  syenite,  which,  as  far  as  we  could  judge,  seems  to  have 
pierced  through  chloritic  and  talcose  schists*.  Shortly  beyond  and  at  the  station 
of  Reshetsk  or  Reshety,  where  the  water  already  descends  to  the  east,  granite  rises 
above  the  surface  in  low  masses,  which,  from  the  decomposing  felspar,  have 
assumed  in  weathering  the  appearance  in  miniature  of  the  tors  of  Cornwall. 
Thence  to  Ekaterinburg  the  sloping  route  exposes  little  else  than  blocks  of  granite, 
which  disintegrates  into  a  sandy  soil. 

We  do  not  profess  to  have  examined  all  the  varieties  of  rock  in  the  environs  of 
this  metropolis  of  the  Ural.  We  could  not,  however,  avoid  noticing,  that  tal- 
cose and  chloritic  grauwacke  schist  and  clay-slate  are  thrown  about  in  the  eastern 

1  M.  Rose  describe*  crystals  of  magnetic  iron  ore  as  being  disseminated  in  this  talc  schist. 
'  'Hie  VoUhaya  or  Bolshaya  Gora.  or  summit  above  the  road,  is  stated  by  Humboldt  to  be  from  377  to 
380  French  toiscs.  or  ruther  less  than  23C0  English  feet  above  the  sea. 
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part  of  the  town  at  various  angles  of  inclination,  that  the  observatory  is  built  upon 
a  boss  of  serpentine,  whilst  hummocks  of  that  rock  and  greenstone  protrude  here 
and  there  even  in  the  streets.  As  to  many  of  the  rocks  in  the  immediate  pre- 
cincts, we  should  say  with  M.  Rose,  to  whose  admirable  description  we  must 
refer,  that  with  the  exception  of  unquestionable  igneous  rocks,  such  as  granite, 
greenstone,  porphyry  and  serpentine,  they  have  often  the  undecided  character  of 
altered  schists,  preserving  still  some  imperfect  traces  of  their  original  structure, 
and  not  having  assumed  any  specific  form 1 .  Numerous  other  varieties  of  rock, 
including  varieties  of  aventurine,  might  be  cited,  and  many  beautiful  and  peculiar 
simple  minerals.  Of  the  latter,  indeed,  our  associate  Lieut.  Koksharof  has  pre- 
pared for  the  use  of  English  readers  a  list  which  will  be  given  in  the  sequel*. 
Among  the  phenomena  exhibited  in  or  close  to  Ekaterinburg,  it  is  however  im- 
portant to  remark,  that  crystals  of  magnetic  iron  are  disseminated  both  in  the  ser- 
pentine and  adjacent  chlorite  schist ;  and  that  the  granite  which  cuts  through  the 
serpentine  in  dykes,  is  the  youngest  intrusive  rock  of  this  neighbourhood.  (Sec 
Rose,  \ol.  i.  p.  172  et  seq.) 

Descent  of  the  hsetz  River  to  Kamensk  and  Kaltchedanxk  (Siberia)  (continuation 
of  Section,  PI.  II.  fig.  t.).— In  the  great  flat  regions  of  Russia,  whether  in  Europe 
or  in  Siberia,  the  truest  method  of  ascertaining  the  nature  of  the  subjacent  rocks 
and  their  relations  is  to  descend  the  rivers,  or  frequently  to  examine  their  banks.  In 
Russia — even  on  the  noble  Volga — whenever  we  put  this  in  practice,  our  patience, 
indeed,  was  sorely  tested,  so  uniform  and  wide-spread  is  one  formation  only,  over 
such  vast  countries  do  the  very  same  beds  extend,  and  so  hidden  are  they  in 
numberless  places  by  vast  mounds  of  superficial  detritus.  Very  different  is  a  river 
section  on  the  Siberian  flanks  of  the  Ural.  There,  though  the  country  is  equally 
flat,  the  surface  is  never  more  than  slightly  encumbered  with  clay,  sand  or  local 
debris,  and  never  obscured  by  far-transported  numerous  blocks  or  boulders  ;  whilst 
its  subsoil,  composed  of  hard  and  crystalline  rocks,  presents  new  features  at  every 
step.  Such,  at  all  events,  we  found  to  be  the  case  iu  boating  down  the  river  Issetz. 

1  A  stratified  rock  which  M.  Rose  describes  in  the  neighbourhood  of  Ekaterinburg,  near  the  polishing 
work",  parte  of  which  contain  lime  with  crystals  of  hornblende,  and  other  parts  have  the  characters  of  an 
augitc  porphyry— exhibiting  a  transition  from  a  wheutone  slate  to  porphyry— is  what  we  should  cull 
schoalstcin.    See  on  pp.  363  et  teq. 

'  At  Ekaterinburg  we  were  cordially  assisted  by  the  chief  authorities.  General  Glinka  and  Colonel 
Tchaikovski,  as  well  as  by  the  head  mcchunical  engineer.  Mr.  Tait.  Among  kind  private  friends  we 
must  specially  mention  M  Borisdin,  M.  Arscuieff,  and  their  agreeable  families. 
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Convinced  that  a  true  acquaintance  with  the  substrata  could  best  be  acquired  in 
this  manner,  we  requested  General  Glinka,  the  commander  of  the  North  Ural 
mining  country,  to  make  arrangements  to  enable  us  to  accomplish  our  wishes, 
which  he  most  obligingly  and  effectively  carried  out,  by  entrusting  us  to  the  charge 
of  M.  Schultz,  the  chief  of  the  forests  of  this  arrondissement.  This  excellent  and 
judicious  administrator,  forewarning  the  authorities  and  inhabitants  of  our  approach, 
prepared  canoes  at  each  little  village  on  the  banks  of  this  stream,  from  the  point 
at  which  we  proposed  to  begin  our  descent. 

Looking  back  from  Ekaterinburg  to  the  Ural,  the  traveller  can  scarcely  recog- 
nise the  chain  he  has  passed,  so  imperceptible  is  the  slope  ;  the  gay  spires  and 
towers  of  the  town  itself,  850  feet  above  the  sea,  seeming  simply  to  rise  out  of  a 
slightly  inclined  woody  region.  For  some  leagues  to  the  east  of  Ekaterinburg,  the 
base  of  this  tract  is  essentially  granitic,  with  aventurine  and  other  metamorphic 
rocks,  the  granite  very  frequently  assuming  a  thin-bedded  or  jointed  structure. 

We  travelled  rapidly  over  that  space  in  our  "  tarantasses1"  and  joined  the 
Issetz  near  the  station  of  Loginof,  forty-seven  versts  from  Ekaterinburg,  and  where 
the  river  becomes  deep  enough  even  in  dry  weather  for  the  navigation  of  small 
boats.  Here  taking  to  the  canoes,  we  soon  learnt  to  how  much  trouble  we  had 
exposed  a  whole  population  in  order  to  satisfy  our  geological  inquiry.  Flowing 
with  some  rapidity  from  the  eastern  slopes  of  the  Ural  and  through  a  thickly  peo- 
pled tract  well  covered  with  grain,  the  inhabitants  naturally  avail  themselves  of 
this  stream  to  grind  their  corn,  damming  it  up  to  establish  the  necessary  mill- 
races.  At  each  village,  therefore,  often  not  more  than  a  mile  asunder,  we  were 
compelled  to  disembark  and  walk  round  the  dam,  whilst  the  boats  were  lifted  over 
by  numerous  peasants  assembled  at  each  station  for  the  purpose.  The  opposite 
lithograph  will  afford  some  idea  of  the  scene  at  Volchof,  of  which  we  shall  pre- 
sently speak,  and  where  the  river  escaping  from  the  higher  defiles  enters  into  the 
flat  country  of  Siberia. 

Following,  in  this  way,  the  windings  of  the  Issetz  for  two  days  and  examining  all 
the  rocks  on  its  banks,  we  made  the  section  which  is  given  on  the  right-hand  or 
eastern  end  of  PI.  II.  fig.  1,  »'.  e.  from  Ekaterinburg  to  Kaltchedansk. 

The  rocks  we  first  observed  on  the  banks  of  the  stream,  after  quitting  the  gra- 
nitic plateau,  were  green  micaceous  chlorite  schists,  which  are  again  succeeded 

1  The  "  tarantass,"  which  is  the  carriage  of  Eastern  Russia,  has  the  body  of  a  calechc  on  long  clastic 
poles  which  serve  as  springs.    In  a  subsequent  view  one  of  these  rehiclei  i*  sketched. 
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by  strong  reefs  of  rose-coloured  granite.  This  system  of  micaceous  rocks,  occa- 
sionally exhibiting  intrusions  of  granite,  syenite,  &c.,  continues  to  beyond  the  mill 
of  Paulkin  and  the  village  of  Mamniskaya  (about  twelve  versts  by  the  turnings 
of  the  Issetz),  where  it  is  succeeded  by  another  class  of  rocks.  The  chief  masses 
at  Mamniskaya  consist  of  bluish  calcareous  flagstones,  with  veins  of  white  felspar, 
which  apparently  graduate  into  and  alternate  with  a  contemporaneous  bedded 
trap-rock,  not  unlike  the  "  schaalstein  "  of  German  geologists,  so  largely  associated 
with  the  palaeozoic  strata  upon  the  rivers  Lahn  and  Rhine'.  These  trappean 
rocks,  increasing  in  volume  as  you  descend  the  stream,  have,  however,  a  peculiar 
aspect.  They  are  very  felspathic,  approach,  here  and  there,  to  the  character  of 
serpentine,  contain  much  disseminated  carbonate  of  lime,  and  after  all  leave  the  ob- 
server frequently  in  doubt,  as  to  whether  they  really  arc  sedimentary  strata  or  not. 
At  the  hamlet  of  Tiomna  they  are  boldly  displayed.  At  Bielobor  these  bedded 
rocks  (schaalstein),  contemporaneous,  we  believe,  with  the  limestones,  rise  up 
at  a  high  angle  against  an  intrusive  porphyritic  greenstone,  which  is  succeeded 
by  black  limestones  of  considerable  thickness,  inclined  at  a  very  high  angle  to 
the  west,  and  resting  upon  carbonaceous  shale.  These  beds,  the  first  in  which 
we  saw  fossils  in  Siberia,  unequivocally  belong  to  the  carboniferous  limestone, 
for  we  found  in  them  Productus  gigas,  Spirifer  striatus  (Sow.),  and  several  charac- 
teristic corals.  The  schists  which  followed  are  contorted  and  afterwards  thrown 
off  around  a  nucleus  of  trappean  amygdaloid,  which  is  succeeded  by  a  considerable 
development  of  highly  crystalline  greenstone,  some  of  which,  from  the  predomi- 
nance of  felspar,  may  be  called  "  graystonc  "  *.  These  eruptive  rocks  occupy 
both  banks  of  the  river  at  Smolino  (our  station  for  the  night),  and  also  for  some 
versts  below  it,  where  rising  to  rather  greater  altitude  than  the  contiguous  strata, 
they  constitute  a  rugged  and  picturesque  defile,  as  at  Bielobor. 

A  point  of  compact  felspar  porphyry  (eurite)  protrudes  among  the  blue  schists, 
which  are  next  observable,  and  which  alternating  with  grits,  often  resemble  the  culm 
beds  of  Devonshire,  like  which  they  fold  into  numerous  flexures  dipping  both  to 
the  east  and  west.  We  detected  nothing  in  these  schists  but  minute  fossil  plants 
— chiefly  grasses — another  point  of  analogy  to  the  culm  strata  of  Devonshire  and 
the  "  flotz-lehrer-sandstein  "  of  the  continent ;  whilst  the  occurrence  of  Productus 
gigas  and  P.  pustulosus,  in  an  adjacent  rock  at  Zaimskaya,  further  indicated  the 
continuance  of  the  carboniferous  deposits.    At  Kadinskoi,  however,  a  limestone 

1  See  Trans.  Geol.  Soc.  vol.      p.  249.  •  See  Scrope,  Gcol.  Trans,  vol.  ii.  p.  214. 
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rises  in  an  arch  from  beneath  these  schists  and  grits,  and  as  it  contained  the  Tere- 
bralula  reticularis,  a  shell  never  found  in  the  carboniferous  rocks,  associated  with 
casts  of  large  Euotnphali,  we  consider  it  to  be  Devonian.  The  courses  of  limestone 
and  schist  which  extend  to  the  mill  of  Tcherdinsk  seemed  to  be  repetitions,  and  we 
could  not  resist  the  impression,  that  the  great  masses  of  rapidly  undulating  lime- 
stone and  schist  near  the  village  of  Swagba.as  well  as  certain  black  calcareous  schists 
by  which  they  are  covered,  were  also  of  the  true  Devonian  age,  for  they  are  covered 
by  other  limestones,  schists  and  grits,  which  are  clearly  carboniferous.  Whether  the 
same  ueat  division  between  the  Devonian  and  Carboniferous  limestones  can  be  read 
off  upon  the  Issetz,  as  that  which  we  shall  presently  indicate  upon  the  Tchussovaya 
on  the  west  flank  of  the  chain,  must  be  determined  by  louger  observation  and  a 
further  discovery  of  fossils.  Nor  can  we  pretend  to  decide,  whether  the  siliceous 
conglomerate  and  sandstone  with  some  traces  of  coaly  matter,  which  overlie  the 
black  schists  and  underlie  the  carboniferous  limestone,  ought  to  be  grouped  with 
the  one  or  the  other  of  these  systems.  For  the  present  we  must  content  ourselves 
with  expressing  our  belief,  drawn  from  the  analogy  of  succession  in  other  parts  of 
the  Ural,  that  the  lower  black  schists  and  limestones  on  the  Issetz  are  Devonian. 

Adopting  this  view  from  the  order  of  superposition  upon  the  river,  we  were  the 
more  disposed  to  adhere  to  it,  when  in  subsequently  extending  our  researches  into 
the  interior,  we  found  other  schists  and  sandstones,  sometimes  red  and  green, 
with  coarse  grits  and  conglomerates,  flanked  at  Bagaratz  by  true  carboniferous 
limestone  containing  large  Producti.  A  tract  like  this,  perforated  at  numerous 
points  by  porphyry,  greenstone  and  other  eruptive  rocks,  cannot  be  expected 
to  offer  a  regular  sequence  of  ascending  or  descending  order  of  deposits;  the  neces- 
sary result  of  such  intrusion  being,  that  in  the  numerous  contortions  and  breaks 
to  which  the  invaded  strata  have  been  subjected,  they  are  often  so  bent  back, 
that  the  older  strata  are  placed  above  the  younger, — a  phenomenon  now  so 
clearly  pointed  out  in  other  disturbed  countries,  that  it  is  unnecessary  here  to 
dwell  upon  it'. 

A  few  versts  to  the  south  of  the  Issetz,  we  found,  indeed,  distinct  proofs  that 
sedimentary  strata,  older  than  any  we  saw  in  the  gorges  of  the  Issetz,  had  been 
forced  up  into  the  adjacent  plateau.  On  the  banks  of  a  little  stagnant  streamlet 
called  the  Istok,  and  at  the  villages  of  Crasnoi-glasnova  and  Gashin-novo,  three 
or  four  versts  asunder,  a  small  dome  of  light-coloured,  whitish-grcy,  crystalline 

'  Sec  Silurian  Sy»tcm.  pp.  421,  423  el  pusim. 
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limestone,  rises  in  low  protuberances  through  the  rich  black  earth.  Thi3  is  most 
probably  an  Upper  Silurian  rock,  for  it  is  absolutely  made  up  of  Pentameri,  some  of 
which,  of  great  size  (a  variety  of  our  P.  Voguticus) ,  are  closely  allied  to  the  Pentamtrus 
Knightii.  It  will  afterwards  be  shown,  that  such  a  rock  appears  in  other  parallels  of 
the  Ural,  even  in  the  richest  mining  tracts,  in  describing  which  we  shall  more 
specially  advert  to  the  specific  forms  of  the  shells,  since  those  at  Crasnoi-glasnova 
were  so  welded  into  the  rock,  that  good  specimens  were  not  to  be  obtained.  In  the 
mean  time,  this  short  digression  has  been  made  in  order  to  show,  that  even  in 
this  tract  there  was  once  a  palaeozoic  succession  from  Upper  Silurian  to  carbonife- 
rous strata,  however  difficult  is  the  task  of  now  putting  together  their  disjointed 
fragments. 

Returning  to  our  traverse  by  the  river  (PI.  II.  fig.  1.),  the  lower  black  limestones, 
schists,  grits,  &c.  on  the  Issctz,  which  we  consider  Devonian,  are  succeeded  on 
the  east  by  a  very  copious  development  of  limestone,  which  is  unquestionably  car- 
boniferous. For  some  distance  this  rock  is  almost  in  a  crystalline  condition,  its 
surfaces  are  much  eroded,  and  numerous  indentations  and  fissures  are  loaded  with 
the  hydrate  of  iron.  Near  the  gorge  called  Petersgal  (Peter's  gate),  this  lime- 
stone rises  up  into  serrated  and  picturesque  forms,  about  200  feet  in  height,  amid 
which  the  river  winds,  the  cliffs  exposing  caverns  at  heights  of  upwards  of  100  feet 
above  the  water.  Though  much  thrown  about  and  contorted,  this  rock  occa- 
sionally resumes  the  ordinary  aspect  of  the  English  mountain  limestone,  and  con- 
tains characteristic  fossils'. 

To  the  west  of  the  shale  which  flanks  this  mass,  the  banks  of  the  river  become 
lower,  and  the  first  visible  strata  near  the  village  of  Bayanova  are  altered  limestones, 
with  bedded  trap,  or  schaalstein,  in  which  copper  ore  occurs,  with  some  nests 
of  malachite ;  whilst  the  chief  rock  of  the  track  is  a  red  quartzose  porphyry, 
somewhat  different  from  any  seen  in  the  higher  part  of  the  Issctz,  and  which  passes 
here  and  there  into  eurite  and  compact  felspar  rock.  To  the  north  of  this  point 
lies  the  Imperial  Zavod  of  Kamensk*.  When  thrown  off  by  the  porphyries  ex- 
posed on  the  Issetz,  the  carboniferous  limestone  occupies  four  or  five  distinct  ledges, 
and  as  along  the  Issetz,  reposes  on  conglomerates  and  grits,  which  constitute,  there- 
fore, either  the  base  of  that  system  or  the  upper  part  of  the  Devonian. 

'  Product**  gigtu,  P,  ilriatus,  Fisch.  (anomala.  Sow.),  Spiri/er  striata*.  S.  glahrr.  Sow.,  Caryophylliu 
faMciculata  (Pita.).    Another  coral  seen  by  Mr.  I>on«dale  seems  to  tie  h  new  species  of  Lithodcndron. 
*  At  Kamensk  we  were  hospitably  entertained  by  Major  Barotzi,  director  of  the  Zavod. 
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Tertiary  Millstones  of  Kaltchedansk. — Having  satisfied  ourselves  of  the  existence 
in  this  part  of  Siberia  of  a  palaeozoic  succession  from  a  met  amorphic  axis,  which 
had  been  broken  up  by  porphyry  and  other  intrusive  rocks,  we  next  wished  to 
ascertain  the  nature  of  a  deposit,  which  we  had  heard  of  as  yielding  the  finest  mill- 
stones of  the  region,  and  also  some  traces  of  coaly  matter.  We  accordingly  re- 
embarked  and  descended  the  Issetz  to  the  village  of  Volchof,  where  the  river  begins 
to  quit  the  plateaux  and  wander  in  the  wide  plains  of  Siberia. 

From  Bayanova  to  Volchof  (the  village  represented  in  the  lithograph  facing 
p.  358),  the  cliffs  are  essentially  composed  of  porphyry,  which  occurs  both  in 
vertical  and  laminated  masses,  and  also  in  bosses  which  peer  out  irregularly  at 
intervals,  the  former  conveying  to  us  the  idea  of  having,  like  the  schaalstein, 
been  formed  contemporaneously  with  the  palaeozoic  rocks,  the  others  being  of 
the  age  of  the  greenstones  and  porphyries  which  have  thrown  up  the  Ural  chain. 

The  hills  of  Krasnoi-gora  on  the  left  bank  of  the  stream,  about  150  feet  high, 
offered  us  a  clear  section  of  the  porphyries,  and  also  of  the  millstone  grit  of  which  we 
were  in  search,  and  at  once  taught  the  origin,  age  and  structure  of  all  the  strata 
which  cover  the  adjacent  plateau  of  Kaltchedansk  j  as  shown  in  this  woodcut. 


52. 

Cril  ud  d»f  with  liran  n*l. 


These  grits  are,  in  fact,  part  of  what  we  believe  may  prove  to  be  wide-spread  ter- 
tiary accumulations  in  Siberia,  and  they  owe  their  peculiar  character  to  having  beeu 
derived  from  the  quartzose,  porphyritic  and  other  intrusive  rocks  on  which  they 
rest,  and  out  of  whose  materials  they  have  been  entirely  composed.  Thus,  some  of 
these  courses  consist  of  white  and  greyish  clays,  arising  from  the  decomposed 
felspar — often  by  no  means  a  bad  potter's  clay,  in  which  leaves  and  remains  of 
wood  have  occasionally  been  transmuted  into  a  poor  brown  coal,  with  which  small 
portions  of  amber  are  here  and  there  associated. 

The  grits  which  occupy  the  highest  part,  range  from  the  banks  of  the  Issetz  into 
an  arid  plateau,  and  to  the  north  side  of  the  high  road  to  Tobolsk,  are  cut  into 
by  a  number  of  shallow  pits  (twenty  to  thirty  feet  deep),  the  beds  being  everywhere 
perfectly  horizontal.    The  extracted  blocks  of  millstone  cover  the  surface  for 
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about  a  square  mile.  The  best  millstones  occur  in  beds  from  two  to  three  feet 
thick,  and  are  worked  from  beneath  a  roof  of  less  valuable  grit,  where  though  per- 
fectly horizontal,  they  have  somewhat  of  a  concretionary  Bhape,  and  are  brought 
out  in  lumps  from  six  to  seven  feet  long,  which  have  often  a  rusty-ferruginous, 
occasionally  a  green  exterior.  Thin  beds  of  sand  and  clay  (wayboards)  fold  irre- 
gularly round  these  concretions,  which  to  some  extent  reminded  us  of  the  tertiary 
"  meulieres  "  of  the  Paris  basin.  If  we  had  not  first  viewed  the  section  at  Krasnoi- 
gora  on  the  Issctz,  where  these  beds,  regularly  and  horizontally  stratified,  lie 
upon  the  igneous  rocks,  we  should  have  had  some  difficulty  in  believing  that  they 
were  entirely  of  aqueous  origin,  so  much  has  the  detritus  of  these  quarries  a  tra- 
chytic  and  vitreous  aspect1,  and  so  much  did  the  grating  of  the  debris  under  our 
feet  remind  us  of  some  of  the  trachytes  of  Auvergne.  Hand  specimens  may, 
indeed,  be  selected  which  approach  to  the  character  of  pitchstone  and  the  tra- 
chytic  grits  of  Hungary. 

Though  the  section  at  Krasnoi-gora  on  the  Issetz  exposed  the  millstone  grits 
near  the  upper  surface,  yet  the  ravines  at  the  village  of  Kaltchedansk  showed 
them  to  be  overlaid  by  forty  to  fifty  feet  of  thick  and  thin  beds  of  grey  mud- 
stone  or  claystone  somewhat  compact,  of  conchoidal  fracture,  and  covered  by 
a  bluish  and  softer  finely  levigated  mudstone.  In  a  pile  of  detritus  lodged  in  an 
adjacent  hollow,  and  derived  from  these  beds,  we  found  several  fragments  of 
amber. 

From  the  horizontal  and  undisturbed  condition  of  all  these  overlying  strata,  it  is 
evident  they  have  been  accumulated  after  the  most  violent  agitations  which  the 
Ural  chain  has  undergone.  Similar  beds  extend,  in  fact,  far  to  the  north  along  the 
lowermost  slopes  of  the  Ural  chain.  At  Verkhoturie,  where  they  also  surmount 
igneous  rocks,  they  have  been  described  by  M.  Rose,  but  neither  in  that  tract,  to 
which  we  shall  hereafter  advert,  nor  at  Kaltchedansk,  could  we  detect  organic 
remains  in  them.  On  our  Map,  therefore,  we  have  simply  inserted  them  (under  a 
yellowish  colour)  as  tertiary  deposits,  of  the  age  of  which  we  are  ignorant.  Some 
persons,  on  account  of  their  imbedded  lignite  and  amber,  might  argue  for  their 
assimilation  to  the  German  strata  of  clay  and  sands  with  brown  coal.  Others  may 
conceive  they  were  accumulated  in  a  vast  basin  of  fresh  water,  which  separated 

1  These  rocks  were  inaccurately  described  by  M.  Tchaikorski  as  containing  Olivine  and  Leucite. 
They  are  simply  grits  made  up  of  fragments  of  porphyry,  and  grains  of  quartz  of  different  colour*,  in  a 
fclspathic  base.    See  Journal  des  Mines  dc  Russie,  1830. 
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from  the  other  tertiary  and  oceanic  deposits,  may  have  occupied  a  great  space  in 
Siberia  during  a  more  recent  period.  But  we  cannot  here  wander  into  such  specula- 
tions, and  having  completed  the  description  of  one  complete  traverse  of  the  Ural 
Mountains  and  their  dependencies,  from  the  low  country  of  Europe  on  the  west, 
to  that  of  Asia  on  the  east,  we  would  now  transport  our  readers  to  other  tracts  and 
sections  of  the  North  Ural,  there  to  fill  up  the  lacuna:  in  this  first  sketch,  which 
simply  narrates  the  leading  features  detected  by  passing  geologists  in  one  journey 
across  a  tract,  having  a  width  of  upwards  of  300  versts. 

Chief  Phenomena  in  the  Districts  immediately  to  the  north  of  Ekaterinburg. — In 
journeying  from  Ekaterinburg  to  the  northern  mines,  the  tourist  passes  along  the 
lateral  eastern  valleys  of  the  chain  in  which,  and  on  the  banks  of  their  lateral 
streams,  gold  alluvia  have  been  largely  deposited  and  much  worked'.  Neviansk, 
the  oldest  Russian  Zavod,  established  by  an  ancestor  of  the  Dernidoffs,  is  the  first 
pleasing  relief  offered  to  the  eye  of  the  traveller,  who  has  passed  through  a  half 
desolate  tract  between  it  and  Ekaterinburg,  in  most  of  which  the  forests  have  been 
exhausted  for  the  use  of  the  contiguous  mines,  whilst  culture  has  not  yet  made 
much  progress*. 

Small  hills,  composed  of  porphyry,  serpentine  and  other  eruptive  rocks,  range 
to  the  east  of  the  Zavod,  which,  with  its  large  buildings  and  gay  churches,  lies  in 
a  depression  between  the  low  trappxan  ridge  and  the  eastern  counterforts  of  the 
Ural.  Where  exempt  from  the  local  alluvia  and  detritus  (often  auriferous),  this 
depression  consists  essentially  of  limestone,  which  from  several  corals  discovered 
in  it  (Favosites  polymorpha,  Devonian  variety  of  Amplexus  tortuosus  ?,  Caunopora 
ramosa  ?,  &c.)  we  may  consider  Devonian.  These  limestones,  with  associated 
schists,  strike  north  and  by  east,  south  and  by  west,  or  exactly  parallel  to  the  axis  of 
the  adjacent  portion  of  the  chain.  The  Ural,  as  seen  from  this  comparatively  low 
tract,  has  no  longer  the  dim  and  scarcely  perceptible  outline  which  it  assumes  in 
the  parallel  of  Ekaterinburg,  but  appears  as  a  narrow,  bare  ledge,  rising  up  in  the 
distance,  and  separated  from  the  spectator  by  subcorneal  undulations  covered  with 
wood,  as  represented  in  this  hasty  little  sketch. 

1  These  gold  alluvia,  including  those  of  Rerezofsk  near  Ekaterinburg,  will  be  considered  in  the 
sequel. 

*  The  foreigner  who  is  making  his  first  excursion  in  the  Ural,  cannot  but  feel  when  he  arrives  at 
Neviansk,  that  he  is  in  a  land  of  true  hospitality  ;  for  a  large  and  comfortable  house  is  kept  up  by  the 
proprietor  of  the  mines  for  the  use  of  ail  strangers,  from  none  of  whom  is  any  exaction  demanded. 
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When  examined  in  detail,  where  any  quarries  or  openings  have  been  made,  the 
relations  of  the  intrusive  rocks  to  the  sedimentary  are  very  instructive,  even  around 
Neviansk ;  for  whilst  the  coralline  limestone  in  the  valley  is  little  altered,  yet 
nearer  to  the  eruptive  hills  it  is  in  the  state  of  crystalline  white  and  green  marble, 
from  which  a  statue  of  the  late  proprietor  has  been  constructed. 

Again,  in  the  hillocks  forming  the  fore-ground  of  the  sketch,  the  igneous  rocks, 
graduating  from  greenstone  to  porphyry  and  felspar  rocks  associated  with  serpen- 
tine, are  seen  traversing  talcosc  schists,  much  dislocated  and  altered,  with  occa- 
sional coatings  of  magnetic  iron  ore '. 

Nijny  Tagihk. — Besides  the  coralline  Devonian  limestone,  which  is  traceable  for 
about  twelve  versts,  chloritic  schists  and  quartzose  rocks,  with  various  eruptive 
masses,  lie  on  either  side  of  the  route  between  Neviansk  and  Nijny  Tagilsk.  The 
latter,  the  chief  Zavod  of  the  Dcmidoff  family,  with  a  population  of  22,000  souls, 
is  truly  a  well-ordered  town,  in  which  the  comfortable  dwellings  of  the  workmen, 
the  capacious  hospitals  for  their  relief,  the  schools  for  the  education  of  the  youth, 
the  elegance  of  the  public  buildings  and  houses  of  the  chief  managers,  and  above  all 
the  skill  with  which  the  machinery,  forges  and  works  are  conducted,  would  reflect 
the  highest  credit  upon  any  European  establishment*. 

If  mineralogical  details  and  all  the  shades  of  transmutation  which  sedimentary 
rocks  have  undergone  during  former  operations  of  nature  had  been  our  object,  a 
residence  of  a  whole  summer,  instead  of  two  or  three  days,  might  have  been  well 
and  instructively  passed  in  this  most  remarkable  spot,  the  centre  of  a  vast  pro- 
perty ;  and  where,  by  the  instructions  of  M.  Anatole  Demidoff,  we  were  received 
as  if  he  had  himself  visited  his  mines,  and  were  treated  with  overflowing  kindness 
by  his  accomplished  agents  MM.  Danilof  and  Schwctzoff.  Baron  Humboldt  and 
M.  G.  Rose  have  however,  to  a  great  extent,  supplied  what  may  be  deficient  in 

'  The  population  of  thin  Zavod  is  17.000.  and  the  inhabitants  have  a  fine  rural  healthy  appearance. 
*  The  artificial  lake  for  working  the  mills  is  of  very  graceful  form  and  of  none  extent,  and  a  little 
tleam-boai  was  employed  upon  it. 
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our  brief  survey  of  Nijny  Tagilsk,  particularly  in  reference  to  the  structure  of  the 
adjacent  ridge  of  the  Ural,  which  we  did  not  visit,  though  we  traversed  it  on  two 
parallels  further  to  the  north. 

The  chief  features  which  arrested  our  attention  here  were,  first,  the  geological 
age  of  the  strata  ;  secondly,  the  chief  metamorphoses  they  had  undergone,  and  the 
agencies  by  which  such  changes  had  been  effected. 

Like  many  other  Zavods  along  the  eastern  rlank  of  the  Ural,  Nijny  Tagilsk  is 
situated  amid  low  hills  of  eruptive  rocks  with  interjacent  masses  of  sedimentary 
strata,  most  of  which  have  undergone  great  alteration,  and  which  usually  have  a 
.  crystalline  or  sub-crystalline  character.  The  junctions  of  these  two  classes  of  rock 
or  their  immediate  neighbourhood,  are  the  seats  of  the  chief  veins  and  masses  of 
mineral  ore  which  render  this  locality  so  productive  ;  whilst  alluvia  with  gold  and 
platinum  choke  up  some  of  the  adjacent  transverse  valleys  that  radiate  from  the 
central  mountains. 

Notwithstanding  the  numerous  points  of  eruptive  rocks  (for  the  mo6t  part  horn- 
blendic  greenstone  or  amphibolite),  and  the  great  diffusion  of  altered  rocks  in  their 
vicinity,  patches  of  limestone  are  wedged  in  at  intervals,  which  not  having  under- 
gone much  change,  contain  sufficient  organic  remains  to  enable  us  to  say,  that  the 
rocks  in  which  they  occur  are  of  Upper  Silurian  age.  This  limestone,  which  is 
both  of  dark  grey  and  whitish  or  cream  colours,  according  to  the  lesser  or  greater 
amount  of  alteration  it  has  undergone,  contains  a  Pentamerus  closely  allied  to  if 
not  identical  with  P.  Vogulicus,  a  turriculated  shell  which  can  scarcely  be  distin- 
guished from  the  Gothland  species  Murchifsonia  cingulata  {Turritella,  Hisinger), 
and  a  fragment  which  we  refer  to  the  Orthoeeralites  calumiteus  (Miiust). 

Magnetic  iron  and  its  relations. — The  limestones  above-mentioned  appear  to 
nave  been  rent  in  twain  by  a  narrow  ridge  or  wedge  of  intrusive  hornblendic  rock 
greenstone),  which  extending  from  the  Zavod  to  the  north,  rises  into  the  Visso- 
kaya-gora  or  high  hill,  on  the  summit  and  flanks  of  which  magnetic  iron  ore  has 
long  been  extracted.  From  the  short  time  we  employed  in  the  examination  of  this 
magnetic  rock  we  cannot  pretend  to  offer  a  satisfactory  explanation  of  the  relation 
of  the  iron  ore  to  the  adjacent  greenstone'.  We  may,  however,  add  a  slight  con- 
tribution to  what  has  been  already  published,  particularly  as  the  mines  were  much 

■  Hermauii,  who  first  described  these  rocks,  speaks  of  tliis  trappsren  ridge  as  barren  (of  mines) 
"  taube," — a  sort  of  porphyry  passing  to  jasper,  and  containing  white  felspar  and  a  little  quartz.  Miner. 
Bcschr.  des  Ural.  b.  i.  *».  306.  309,  312.  Kose  did  not  examine  this  rock,  but  add»,  that  from  the  mm- 
ogy  of  other  rocks  of  magnetic  iron,  and  what  has  been  written  concerning  them,  it  is  probably  an  augite 
porphyry  with  Labrador.    Reise,  toI.  i.  p.  311. 
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more  laid  open  at  the  period  of  our  visit  than  when  they  were  inspected  by  Baron 
Humboldt  and  his  associates.  On  the  summit  and  slopes  of  the  Vissokaya-gora 
patches  of  the  ore  (usually  compact  and  with  a  conchoidal  fracture)  have  been  ex- 
tracted from  a  very  remote  period ;  but  whether  these  metallic  masses  are  merely 
the  upper  portions  of  veins  which  traverse  the  surrounding  rock,  like  those  in  the 
magnetic  hill  of  Blagodat  described  as  dykes  by  Colonel  Helmersen',  or  mere 
adherent  superficial  patches  which  occupied  cavities  and  clefts  in  the  greenstone, 
we  could  not  ascertain.  However  this  may  be,  the  chief  mass  of  the  ore  is  now 
seen  to  occupy  the  valley  on  the  western  side  of  the  hill,  for  it  has  been  deeply 
cut  into  by  open  quarries.  The  refuse  stuff  or  capping  of  decomposed  felspar  and 
mixed  matter  with  hydrate  of  iron  having  been  cleared  away,  an  enormous  body  of 
the  iron  ore  (fer  oxyduld),  rudely  bedded  and  traversed  by  numerous  joints,  is  ex- 
posed by  great  works  along  a  face  which,  including  the  useless  overlying  materials, 
has  a  height  of  nearly  a  hundred  feet  and  a  length  of  several  hundred.  When  on 
the  spot  it  seemed  to  us  possible  to  account  for  the  appearance  presented  by  this 
metallic  accumulation,  most  of  which  is  now  but  little  solidified,  either  by  supposing 
it  to  have  been  of  plutonic  origin,  and  that,  issuing  from  fissures  on  the  hill  side, 
it  had  flowed,  when  in  a  molten  state,  into  the  hollow  where  it  lies ;  or  that  it  was 
formerly  a  mass  of  sedimentary  materials  which  had  been  altered  and  mineralized 
by  heat  and  vapours,  which  making  use  of  parts  of  the  surrounding  limestones  as 
a  flux,  had  elaborated  this  metallic  substance.  A  feature  pointed  out  to  us  by 
M.  Schwetzoff  may  serve  to  throw  some  light  upon  the  question  of  the  origin  of 
the  iron.  In  opening  out  the  side  of  the  valley  nearest  to  the  hill  of  greenstone, 
irregular  knobs  or  points  of  that  rock  were  met  with,  on  stripping  which  it  was 
found,  that  the  iron  ore  had  accommodated  itself  to  the  inequalities  of  their  sur- 
face, and  that  at  such  points  of  contact  the  ore  was  not  only  harder  and  more 
crystalline  than  usual— in  fact  almost  unmanageable  by  the  workmen — but  also 
much  more  magnetic  than  at  a  short  distance  from  the  greenstone.  Now,  if  the 
observer  were  furnished  with  no  other  data  than  these,  he  might,  reasoning  from 
the  countless  analogies  of  metamorphisin  which  result  from  the  eruption  of  igneous 
though  sedimentary  matter,  infer  that  the  greenstone  intruding  into  ancient  ma- 
terials had,  in  producing  a  change  throughout  their  whole  mass,  rendered  those 

1  Der  Magnctbcrg  Blagodat  am  Nordlichen  Ural,  von  O.  Helmersen,  1837.  Colonel  Helmersen  in  this 
memoir  has  very  properly  corrected  the  error*  of  previous  authors,  one  of  whom  had  spoken  of  the  iron 
ore  at  Nijuy  Tagilsk  as  overlying  the  limestone,  a  second  as  associated  with  grauwackc,  and  a  third  as  a 
mass  in  chlorite  schist. 
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parts  only  which  were  in  contact  with  it  the  most  crystalline  and  metallic,  by  the 
development  at  such  points  of  the  most  powerful  electrical  action. 

We  leaned,  we  confess,  when  on  the  spot,  to  this  opinion  ;  but,  after  having 
read  the  memoir  of  Colonel  Helmersen  upon  the  origin  of  the  magnetic  iron  ore 
of  Blagodat  (which  wc  regret  we  were  unacquainted  with  when  we  examined  this 
tract),  we  are  bound  to  admit,  that  the  phenomena  at  Nijny  Tagilsk  may  possibly 
be  explicable  in  accordance  with  his  views,  and  that  the  metallic  iron  ore  may 
have  penetrated  the  pre-existing  greenstone  of  the  hill  and  thence  have  flowed  as 
submarine  lava  or  volcanic  mud  into  the  contiguous  depressions.  The  facts  that 
the  ore  expands  in  width,  thickness  and  dimensions  as  it  is  followed  into  the  lower 
parts  of  the  valley,  and  that  it  fills  up  all  the  sinuosities  of  the  subjacent  rock, 
seem,  on  the  whole,  to  favour  this  view,  to  the  consideration  of  which  we  shall 
recur  in  the  next  chapter. 

Copper  ores  and  great  ma#s  of  Malachites. — In  the  adjacent  cupriferous  ground 
at  Nijny  Tagilsk,  nests  and  veins  of  copper  ore  have  been  found  in  the  hoUows 
between  the  eruptive  rocks  ;  and  although  the  largest  mass  of  cupriferous  ground 
lies  at  some  little  distance  (nearly  an  English  mile)  from  the  chief  mass  of  iron  ore, 
igneous  rocks  arise  on  all  sides  of  it.  Here,  however,  the  matrix  is  very  dif- 
ferent from  that  of  the  iron  ore.  Instead  of  overlying  and  associated  clay,  the 
copper  ground  is  flanked  on  one  side  by  a  rock  much  resembling  the  schaalstein 
or  bedded  trap  of  which  we  have  spoken  upon  the  river  Issetz,  and  which  highly 
inclined  and  sometimes  vertical,  seemed  to  be  affected  by  powerful  faults  as  repre- 
sented in  this  woodcut. 

ROUGH  VERTICAL  SECTION  OF  THE  COPPER  GROUND  AT  NIJNY  TAGILSK. 
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The  ore  being  worked  in  shafts,  and  not  like  the  iron  in  open  quarries,  we  are 
by  no  means  certain  that  this  rough  drawing,  which  we  made  when  we  descended 
the  mine,  represents  the  whole  case  with  precision.  Our  sole  object  is  to  show, 
that  in  a  space  between  ridges  of  eruptive  rock,  and  bounded  by  a  wall  of  schaat- 
stein,  which  is  itself  to  some  extent  impregnated  with  copper,  a  considerable 
mass,  in  a  much  more  incoherent  and  broken  condition,  is  the  chief  mining 
ground'.  This  cupriferous  deposit  may  be  nothing  more  than  a  broad  vein, 
though  it  seemed  more  to  resemble  a  slightly  consolidated  heap  of  detritus  which 
had  been  tumultuously  aggregated  in  this  hollow,  at  a  period  of  convulsion, 
when  the  subjacent  rocks  were  invaded  by  some  sort  of  igneous  action,  and  all  the 
strata  were  broken  up  and  re-arranged.  In  proof  of  this,  points  of  limestone,  the 
surfaces  of  which  are  irregularly  eroded,  polished  and  worn  into  depressions,  as 
if  by  water,  protrude  from  beneath  into  the  matrix  of  copper  stuff,  in  the  manner 
described  iu  the  previous  sketch.  Though  nearly  all  traces  of  bedding  are  oblite- 
rated, this  limestone  is  still  sufficiently  characterized  by  the  large  Pentameri  which 
it  contains,  to  enable  us  to  consider  it  of  Upper  Silurian  age.  That  the  copper  has 
been  accumulated  subsequent  to  the  consolidation  of  the  adjacent  palaeozoic  strata, 
is,  indeed,  evident  j  since,  independent  of  their  dislocated  condition,  rolled  pebbles 
of  the  limestone  have  been  found  in  the  heart  of  the  mining  stuff.  We  were  also 
assured  by  M.  Schwctzoff  that  rounded  and  rolled  lumps  of  the  magnetic  iron-ore 
also  occur  in  this  cupriferous  mass ;  a  fact  which  must  induce  the  belief,  that  the 
agency  which  developed  the  copper  ore,  though  probably  also  connected  with  the 
evolution  of  mineral  springs,  was  in  play  at  a  different  and  posterior  epoch. 

The  copper  ground  we  have  been  describing  having  been  excavated  by  shafts, 
an  enormous  mass  of  malachite  was  recently  detected  at  the  depth  of  260  feet. 
Thin  strings  of  green  copper  ore  occurring  at  intervals  were  followed  downwards, 
when  increasing  in  width  and  value,  they  were  found  to  terminate,  at  the  base  of 
the  present  mines,  in  an  immense,  irregularly  shaped  botryoidal  mass  of  solid 
malachite,  the  form  of  which,  as  far  as  its  lower  part  has  been  laid  open,  is  repre- 
sented in  the  preceding  drawing*. 

The  base  of  this  valuable  mass  has  not  yet  been  traced,  but  when  we  examined 

1  For  all  the  varieties  of  copper  ore  and  other  mineral*  which  occur  here,  see  Uie  work  of  M.  Rose, 
which  lias  completely  superseded  the  faithful  but  now  rather  antiquated  descriptions  of  Hermann. 

*  Mr.  Murchison  brought  a  model  of  this  mass  from  Ntjuy  Tag-link,  which  was  presented  to  him  by 
the  Directors. 
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it,  the  surrounding  matrix  had  been  cleared  away  from  its  summit  and  sides ;  and 
if  our  notes  taken  on  the  spot  are  accurate,  the  summit  alone  has  a  length  of  about 
eighteen  feet  and  a  width  of  about  nine  feet,  an  enormous  bulging  mass  being  exposed 
beneath,  the  extent  or  base  of  which  was  not  fully  ascertained.  The  whole  of  the 
surface,  however,  which  had  been  uncovered  was  calculated  to  contain  not  less  than 
15,000  poods,  or  upwards  of  half  a  million  of  pounds  of  pure  and  solid  malachite. 

The  geological  interest  attached  to  this  mass  lies  in  the  indication  it  affords,  that 
the  substance  called  malachite  has  been  formed  by  a  cupriferous  solution  which  has 
successively  deposited  its  residue  in  the  stalagmitic  form.  "  Mutatis  mutandis," 
this  mass  has  only  to  be  viewed  as  formed  of  calcareous  spar,  and  it  presents  every 
one  of  the  features  so  well  known  to  those  who  have  examined  stalactitic  grottos 
with  their  stalagmitic  floors  in  the  clefts  and  caverns  of  limestone,  or  still  more  those 
large  masses  of  tufa  which  have  proceeded  from  calcareous  wells.  Wherever  a 
portion  of  the  malachite  has  been  broken  off,  the  interior  is  seen  to  consist  of  a 
number  of  fine  lamina»  (a  fasciculus  of  radio-concentric  globules),  which  invariably 
arrange  themselves  equably  around  the  centre  on  which  they  have  been  formed, 
and  are  adapted  to  every  sinuosity  of  the  pre-existing  layer ;  here  presenting  a 
dark  line,  there  a  bright  and  light  one ;  just  as  the  solution  of  the  moment,  the 
day  or  the  hour,  happened  to  be  more  or  less  impregnated  with  colouring  matter. 
Besides  round  concretions,  sometimes  almost  spherical,  and  also  depressions  of 
the  surface,  the  under  sides  of  this  malachite  arc  singularly  analogous  to  that  of 
any  large  mass  of  calcareous  tufa,  in  presenting  pendent,  finger-shaped  stalactites, 
which  are  also  composed  of  concentric  lamime.  The  external  surfaces  of  these 
concretions  are  frequently  covered  with  a  black  ore  of  manganese  which  usually 
falls  off  on  being  touched. 

When  we  examined  this  mass  of  malachite,  much  of  the  surrounding  matrix 
had  been  removed,  and  it  presented  precisely  the  aspect  of  having  been  deposited 
in  a  depression  of  the  limestone  and  schaalstein.  On  the  whole,  we  are  disposed 
to  view  it  as  having  resulted  from  copper  solutions  emanating  from  all  the 
porous,  loose,  surrounding  mass,  and  which  trickling  through  it  to  the  lowest 
cavity  upon  the  subjacent  soUd  rock,  have  in  a  series  of  ages  produced  this  won- 
derful subterranean  incrustation.  We  would  not,  however,  wish  our  readers  to 
iufcr,  that  we  have  any  authority  for  believing  in  the  formation  at  the  present  day, 
of  such  cupriferous  stalagmites,  though  it  is  possible  that  nature  may  in  some  tracts 
be  still  carrying  on  a  similar  process.  Throughout  all  the  great  cupriferous  region 
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to  the  west  of  the  Ural,  we  know,  indeed,  that  the  chief  formation  of  copper  was 
coeval  with  the  close  of  the  palaeozoic  a?ra,  as  proved  by  the  similar  structure  of  the 
Permian  rocks,  which,  it  has  been  shown,  were  themselves  formed  out  of  the  de- 
tritus of  a  pre-existing  Ural  chain,  and  at  a  period  when  the  surface  of  the  earth 
and  the  bottom  of  the  sea  were  affected  by  waters  probably  hot  and  charged  with 
cupriferous  matter '.  At  the  same  time  it  may  be  observed,  that  the  geologist  can 
occasionally  as  surely  detect  the  relative  ages  of  mineral  masses  by  their  mecha- 
nical condition,  as  if  he  were  guided  by  superposition  and  a  tabular  order  of  or- 
ganic beings.  Thus  one  of  the  earliest  changes  which  has  been  accomplished,  is 
the  metamorphism  of  the  palaeozoic  strata,  for  at  Lela  Istostchinsk  in  the  imme- 
diate neighbourhood  of  Nijny  Tagilsk,  a  fossiliferous  limestone  is  seen  to  pass  into 
white  granular  limestone  and  talc  schist,  and  fragments  of  such  rocks  are  found  in 
the  cupriferous  agglomerate.  Again,  magnetic  iron  is  proved  to  have  been  one  of 
the  first  of  the  great  metalliferous  products  of  the  mountains,  since  rolled  lumps 
of  it  are  found  in  the  copper  grouud,  whilst  the  accumulation  of  the  latter,  coeval 
as  we  believe  with  the  impregnation  of  the  great  Permian  deposits  of  Russia,  must 
in  its  turn  have  been  anterior  to  the  process  by  which  the  malachite  exuded  from 
the  surrounding  matrix,  and  was  arranged  in  its  present  stalagmitic  form. 

These  are  the  chief  points  to  which  we  directed  our  attention  at  Nijny  Tagilsk, 
to  the  country  around  which  M.  Anatole  Demidoff  is  now  applying  so  much  scien- 
tific research,  that  we  doubt  not  he  will  render  it  a  school  where  some  of  the  most 
curious  metallurgical  processes  of  nature  can  be  best  studied. 

By  reference  to  the  Map  it  will  be  observed,  that  Nijny  Tagilsk,  like  Ekaterin- 
burg and  Neviansk,  as  well  as  Kushvinsk,  Turinsk,  Bogoslofsk,  and  other  places, 
to  be  hereafter  described,  is  on  the  low  but  rich  band  of  rocks  which  lies  to  the 
east  of  the  culminating  ridge  and  slope  of  the  Ural.  This  north  and  south  tract 
is,  it  will  be  observed,  eminently  calcareous,  and  at  the  same  time  the  seat  of  some 
of  the  richest  veins  and  masses  of  copper  and  magnetic  iron  ore ;  facts  which  may 
lead  geologists  to  speculate  upon  the  probable  influence  exercised  by  the  limestone 
as  a  flux  in  the  great  metallurgical  processes  which  nature  has  here  elaborated. 
The  limestones  which  are  now  visible  appear,  in  truth,  as  mere  fragments  which 
have  been  broken  up,  occasionally  transmuted  into  crystalline  marble,  and  isolated 
by  the  eruption  of  igneous  rocks,  mingled  with  much  serpentine  and  left  in  detached 
strips  parallel  to  the  principal  chain.    Without  visiting  many  adjacent  locali- 

»  Ante.  p.  168. 
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ties',  the  collection  alone  which  had  been  brought  from  them  to  Nijny  Tagilsk 
sufficed  to  lead  us  to  believe,  that  all  the  surrounding  limestones  were  either  like 
the  Pentamerus  limestone  of  which  we  have  spoken  as  of  Upper  Silurian  age  or 
the  oldest  part  of  the  Devonian.  This  inference  applies,  however,  to  the  compara- 
tively narrow  tract  only  in  which  the  chief  mining  works  of  the  Demidoff  family 
are  situated.  On  its  west  rise  up  great  igneous  and  metamorphic  masses,  which 
constitute  the  crest  of  the  mountains,  and  separate  the  region  in  question  from  the 
palaeozoic  unaltered  deposits  on  the  Tchussovaya  and  its  affluents. 

To  the  cast  of  Nijny  Tagilsk  and  also  within  the  Demidoff  lands,  lies  another 
and  much  broader  metalliferous  tract,  which  differs  from  any  zone  upon  the  west, 
in  being  essentially  granitic,  though  amidst  it  are  other  low  ridges  of  syenite, 
greenstone  and  serpentine,  all  trending  from  north  to  south.  Amid  these  intrusive 
rocks  palaeozoic  limestones  occur  at  intervals,  and  are  often  highly  altered.  In 
one  specimen,  however,  we  detected  the  Chtetetes  radians,  a  true  carboniferous 
coral,  which  led  us  to  suppose  that  this  eastern  tract  might  be  viewed  as  a  pro- 
longation to  the  north  of  the  palaeozoic  group  we  have  described  in  the  same  parallel 
of  longitude  upon  the  river  Issetz,  where  it  is  also  associated  with  granitic,  por- 
phyritic  and  metamorphic  rocks,  the  whole  of  which  subside  gradually  into  the 
plains  of  Siberia,  where  they  are  overlapped  by  tertiary  accumulations  (sec  p.  366). 

P.S.  After  these  chapters  were  written,  our  friend  M.  Le  Play,  the  able  mineral  surveyor  and  metallurgist 
of  whom  we  have  already  spoken  in  relation  to  the  coal  country  of  the  Donetz.  waB  sent  by  M.  Anatolc 
Demidoff  to  examine  his  Uralion  mines.  We  had  great  pleasure  in  furnishing  thia  gentleman  with  a  copy 
(not  then  finished)  of  our  general  geological  Map  of  Russia  and  the  Ural,  and  particularly  requested  him 
to  employ  his  leisure  moment.*  in  verifying  or  correcting  the  observations  we  had  made.  Whilst  these 
ahecta  were  going  through  the  press,  M.  Le  Play  addressed  a  letter  to  Mr.  Murchison,  which,  in  addition 
to  some  remarks  concerning  the  different  ages  of  the  eruptive  rocks,  the  limits  of  the  unaltered  palaeozoic 
deposits  on  the  Tchussovaya,  and  those  of  the  more  crystalline  limestones  around  Nijny  Tagilsk,  contains 
a  very  clear  account  of  the  real  nature  and  origin  of  the  magnetic  iron  ore  of  these  mountains.  We  are 
very  glad  to  perceive  that,  both  in  the  letter  to  ourselves,  and  in  the  one  addressed  to  M.  Elic  dc  Beaumont, 

'  From  the  collections  made  at  Nijny  Tagilsk  we  recognized  the  Pentamerus  limestone  at  the  follow- 
ing localities : — Leba,  and  other  places  between  it  and  Tchornoi  Istostchinsk  :  Ijiisk,  eighteen  versts  north 
of  Nijny  Tagilsk.  where  the  Favosites  polymorphs,  Slromatopora  coacentriea,  and  stems  of  Cvprmo  cri- 
nitn  having  been  found,  render  it  probable  that  the  limestone  there  is  Devonian.  Again,  at  Vissimo- 
ahaitanak,  near  to  which  platinum  alluvia  have  been  described  by  Humboldt  and  Hose,  and  which,  though 
in  direct  communication  with  and  dependent  upon  Nijny  Tagilsk.  is  on  the  western  slope  of  the  axis, 
Pentameri  occur  in  a  black  dolomitic  limestone  mincrulogically  undistinguishablo  from  rock*  upon  the 
Tchussovaya,  which  will  be  »pokco  of  here'ifter  as  Devonian. 
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(see  Comptca  Rendu*  de  l'lnstitut,  October  1844),  M.  Le  Play  states  in  the  moat  unambiguous  manner, 
that  all  these  magnetic  iron  ores  are  of  igneous  origin,  thereby  confirming  the  view  applied  to  Mount 
Dlagodat  by  Colonel  Helmersen,  to  whose  observations  we  sh»ll  refer  in  the  next  chapter.  M.  Le  Piny 
shows,  that  a*  great  accumulations  of  this  ore  are  often  essentially  composed  of  felspar  and  hornblende 
and  traverse  other  rocks,  they  must  be  considered  igncously-formed  masses,  which,  where  the  above- 
mentioned  materials  diminish  and  the  magnetic  iron  prevuils,  constitute  (particularly  when  half-decom- 
posed) the  productive  mines  of  the  Russians.  The  observations  of  so  good  an  authority  as  M.  Le  Play, 
who  has  extensively  studied  the  position  of  magnetic  iron  ore  (fcr  oxyduli)  in  Spain,  and  who  has  found 
this  ore  to  be  more  or  less  disseminated  in  the  very  body  of  many  of  the  igueous  rocks  of  the  Ural,  is  of 
great  value  in  the  decision  of  this  question. 
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Environs  of  Kushvinsk  and  Mount  Blanodat. — Transverse  Section  from  thence  across 
the  Chain  to  Serebriansk. — Descent  of  the  River  Serebrianka  to  its  Mouth. — Descent 
of  the  Tchussovaya  from  Ust- Serebriansk  to  Ust-Koiva. — Transverse  Section  across 
the  Ural  from  Ust-Koiva  by  Bissersk,  Chrestovodsvisgensk  and  the  Katchkanar,  to 
Turinsk  and  Verkhoturie. — Environs  of  Bogoslofsk  with  Sections. — Descent  of  the 
River  Kakva. — Conclusion. 

The  same  general  character  of  rocks  which  prevails  in  the  tract  between  Eka- 
terinburg and  Nijny  Tagilsk,  extends  northwards  to  Kushvinsk,  and  thence  along 
the  eastern  flank  of  the  Ural  to  Bogoslofsk  and  Pctropaulofsk.  Reverting  to 
the  consideration  of  the  most  northern  of  these  districts  at  the  close  of  this 
chapter,  we  will  first  take  a  rapid  survey  of  the  principal  geological  features 
around  Kushvinsk,  as  a  prelude  to  a  second  general  traverse  across  the  chain 
from  thence  to  Serebriansk. 

Brief  Sketch  of  the  Environs  of  Kushvinsk. — Immediately  to  the  east  of  the  Im- 
perial Zavod  of  Kushvinsk 1  rise  up  the  hills  called  the  Greater  and  Lesser 
Blagodat  (sec  PI.  II.  fig-  3),  upon  and  around  which  much  magnetic  iron  ore  has 
been  extracted  during  a  century.  It  was  upon  the  higher  of  these  mounts 
(described  by  numerous  writers",  from  Pallas  in  former  days,  to  Humboldt,  Rose 

1  Colonel  Gakhof»ki  of  the  Imperial  School  of  Mines.  Director  of  the  Zavod  of  Kushvinsk,  at  the 
period  of  our  visit,  afforded  us  every  assignee  in  his  power  to  facilitate  our  examination  of  the  environa. 
of  which  his  officers  had  prepared  a  detailed  lithological  map.  Kushvinsk  lias  a  population  of  CtXK)  souls. 
The  establishment  is  now  directed  by  the  able  mining  engineer  Colonel  Vulkner,  who  was  so  serviceable 
to  us  at  Perm  (sec  p.  144). 


"  This  mount,  as  well  as  many  other  of  the  North  Uralian  rocks,  has  been  described  by  Hermann, 
Kupffcr  and  Ad.  Erraan.  and  Hoffmann.  Sec  Hermann's  Mineral.  Beschreibuug  und  Erziihlung  meiner 
Reisen.&c;  Kupffers  Essai  dun  Tableau  Geognostiquc  de  l'Ourel ;  and  Erman's  Reise  urn  die  Enle. 
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and  Helmersen  in  our  own  time)  that  the  Vogul  chief  Tchumpin  was  sacrificed  and 
burnt  by  his  wild  countrymen,  for  having  introduced  the  Russians  to  the  tract, 
pointing  out  to  them  the  site  of  the  ore. 

According  to  Colonel  Helmersen,  who  has  given  an  admirable  geological  de- 
scription of  these  environs,  this  mount  is  about  500  feet'  above  the  adjoining  lake, 
and  its  summit  is  rendered  conspicuous  by  a  monument  which  records  the  barba- 
rous sacrifice.  Differing  somewhat  from  the  rock  which  is  associated  with  the 
magnetic  iron  at  Nijny  Tagilsk,  the  chief  eruptive  rock  in  the  Great  or  Lesser 
Blagodat  is  felspathic  augite  porphyry.  This  rock  is  fully  displayed  between  the 
Zavod  and  the  higher  summit,  on  approaching  which,  upright  masses  with  metallic 
surfaces  are  seen  to  rise  out,  as  it  were,  from  the  porphyry,  indicating  the  ancient 
quarries  from  which  the  iron  ore  has  been  extracted.  As  far  as  they  have  been 
worked  down,  these  excavations  exhibit  a  continuous  mass  of  the  same  fine-grained 
magnetic  ironstone,  with  flakes  of  yellow  and  pink  felspar  and  brown  mica.  Re- 
ferring to  Colonel  Helmersen's  very  valuable  details  of  the  variation  in  structure 
of  these  rocks  in  different  parts  of  the  hill,  it  is  enough  for  our  purpose  to  state, 
that  this  author  seems  to  have  satisfactorily  proved  these  felspathic  ironstone 
masses  to  be  portions  of  dykes  of  eruptive  character  which  have  traversed  the 
augite  porphyry,  a  fragment  even  of  that  rock  having  been  found  in  one  of  theui 
which  rises  up  from  near  the  base  of  the  hill. 

In  our  very  hasty  survey  we  descended  from  the  summit  of  the  higher  Blagodat 
into  the  adjacent  depression  on  the  east,  in  which  the  greatest  masses  of  the  iron 
ore  have  been  accumulated ;  and  though  when  on  the  spot  we  were  not  led  to  en- 
tertain the  opinion  of  Colonel  Helmersen,  and  were  rather  disposed  to  view  the 
great  lateral  and  rudely  stratified  accumulations  as  sediments  which  had  been  me- 
tamorphosed by  the  influence  of  the  contiguous  eruptive  rocks,  we  were  then  igno- 
rant of  the  fact,  that  dykes  of  really  intrusive  character,  made  up  of  crystalline 
and  igneously-formed  minerals,  and  clearly  formed  posterior  to  the  body  of  the 

'  Helmersen  state*,  tli»t  the  Zavod  of  Kushva  (or  Kushvinsk),  being  about  800  French  feet  above  the 
sea,  the  absolute  height  of  the  summit  of  the  greater  Blagodat  is  1260  French  feet.  Calling  the  lesser 
hill  Bkgodatka,  the  same  author  mentions,  in  addition  to  other  variations  in  mineral  character,  that  on 
the  south  side  the  rock  passes  into  an  amygdaloid  with  nests  of  quartz,  that  on  the  north  side  of  the  hill 
blocks  of  fine-grained  limestone  occur,  and  that  Colonel  Josec  had  found  nests  of  limestone  in  the  body 
of  the  rock.  (Der  Magnctberg  Blagodat  am  Nordlichen  Und,  1837.)  Again,  according  to  Hermann, 
portions  of  beds  of  limestone  were  in  his  time  detected  in  the  ferriferous  mining  masses.  (Kose,  vol.  i. 
p.  346.) 
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mountain,  contained  similar  iron  ore.  Now  that  we  arc  acquainted  with  this  fact, 
which  so  clearly  demonstrates  the  magnetic  iron  ore  to  have  been  erupted',  we  have 
no  hesitation  in  agreeing  with  our  skilful  cotemporary,  who  has  so  closely  studied 
the  rocks  of  Blagodat,  that  these  great  masses  of  iron  ore  have  flowed  into  this 
depression  from  fissures  in  the  adjacent  hill,  and  that  they  have  since  been  cut 
through  by  other  dykes  of  similar  matter.  In  our  description  of  the  Katchkanar 
we  shall  adduce  independent  proof  of  the  igneous  origin  of  magnetic  iron. 

Besides  the  porphyry  and  magnetic  iron  of  the  Great  and  Little  Blagodat,  the 
environs  of  Kushvinsk  are  surrounded  by  a  vast  number  of  other  eruptive  rocks 
differing  in  mineral  composition,  the  outlines  of  which  were  laid  down  by  the 
Russian  mining  engineers  in  a  detailed  map  of  the  rocks  around  the  Zavod,  which 
had  been  prepared  for  our  use.  These  intrusive  rocks  so  predominate,  that  the 
original  sedimentary  strata  are  only  to  be  detected  in  very  small  and  isolated 
fragments,  or  in  bands  of  highly  altered  chlorite  schists.  The  important  point, 
however,  for  geologists  like  ourselves  to  dwell  upon  was,  that  whether  composed 
of  hornblendic  greenstone  as  at  Nijny,  or  of  greenstone  porphyry  as  at  Laisk 
and  Blagodat,  all  the  intrusive  rocks  on  this  zone  arc  upon  the  same  line  of  erup- 
tion, and  all,  according  to  our  view,  have  produced  varied  metamorphic  and  mineral 
effects  upon  the  stratified  deposits. 

But  still  amid  this  chaos  of  eruptive  and  metamorphic  rocks,  well-known  sedi- 
mentary strata  are  to  be  detected  at  intervals.  Thus  wc  observed  fossiliferouB 
limestones  a  little  to  the  north  of  Kushvinsk  in  a  highly  cultivated  tract  through 
which  the  road  to  Bogoslofsk  passes*.  To  the  west  of  that  route,  about  fifteen 
versts  south  of  Nijny  Turinsk,  in  the  midst  of  the  forest,  and  on  the  banks  of  a 
rivulet  known  among  the  Russian  settlers  as  "  Retchka  Isvcostka,"  or  limestone 
brook,  we  met  with  strong  beds  of  limestone  striking  to  the  north-north-west, 

1  Sec  M.  Lc  Play's  confirmation  of  this  view,  ante,  p.  376. 

«  In  writing  to  us  concerning  the  igneous  origin  of  the  magnetic  iron  ore,  M.  Le  Play,  after  stating 
that  Nijny  Tagilsk  and  Blagodat  arc  not  the  most  appropriate  localities  for  this  inquiry,  thus  expresses 
himself: — "  La  question  se  resout  surtout  par  l'etudc  des  roches  crystallines,  qui  forment  de  si  grandes 
masses,  soit  dans  lc  centre  de  la  ehainc  de  l'Oural,  solt  dans  les  contrees  qui  s'etendent  yers  Test,  du  cote 
de  la  grande  steppe  de  Sibcric.  Lc  fcr  oxydulfi  y  est,  pour  ainsi  dire,  un  occupant  constant  des  rochea 
crystallines,  <i  la  manure  de  falbite  el  de  I'ampkibole ;  ct  ca  ct  la  il  y  forme  des  montagnes  oil  le  fer  abonde 
plus  que  les  autres  elements  :  en  bcaucoup  de  points  il  forme  des  gites  speciaux,  oil  les  autres  ('dements 
disparaisscnt  presque  completement,  et  qui  suffiraicnt  sculcs  a  alimcntcr  des  haute  fourncaux  pendant  des 
eentainea  d'annees."— Extract  from  a  Utter  to  Mr.  Murckuou  dated  Ekaterinburg,  August  30,  1844. 
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and  dipping  30°  to  the  east.  Among  their  fossils  were  a  Pentamerus,  closely 
allied  to  P.  Baschkiricus  (nob.),  the  large  Leptana  Uralensis  (nob.),  with  Orthis 
striatula,  Terebratula  reticularis,  corals,  &c.  These  beds  of  limestone  are  of  a  dark 
colour,  alternate  with  shale,  and  have  altogether  an  unaltered  aspect.  Surrounded 
by  eruptive  and  metamorphic  rocks,  they  constitute  one  of  those  "  oases "  or 
fragments  of  the  original  deposits,  which  occurring  at  intervals  along  this  chain, 
serve  to  explain  its  original  character. 

It  would,  however,  be  presumptuous  in  us  to  attempt  to  define  too  precisely  the 
age  of  this  isolated  calcareous  fragment,  the  Pentamerus  of  which  led  us  at  the 
time  to  consider  it  of  Upper  Silurian  age ;  but  as  we  afterwards  found  the  Lepta-na 
Uralensis  associated  with  Devonian  fossils  (on  the  Serebrianka) ,  the  rock  under 
consideration  may  perhaps  be  classed  as  Devonian,  particularly  since  its  corals,  Cau- 
nopora  ramosa,  Stromatopora  concentrica,  and  Favosites  polymorphs,  (var.  Dev.),  are 
very  indicative  of  that  age1.  The  limestone  is  to  a  great  extent  covered  by  coarse 
detritus  derived  from  the  adjacent  hills,  in  which  some  calcareous  specimens  occur, 
amid  many  of  an  eruptive  and  metamorphic  character,  and  from  which  grains  of 
platinum  have  been  extracted. 

Transverse  Section  across  the  Ural  from  Mount  Blagodat  and  Kushvinsk  to  Sere- 
briansk. — Between  the  Zavod  of  Kushvinsk  and  the  first  counterforts  on  the  eastern 
flank  of  the  Ural-tau  or  ridge,  no  natural  sections  are  visible,  and  the  road  passes 
over  undulations  of  various  igneous  rocks,  which,  according  to  the  Russian  engineers, 
consist  of  porphyry,  greenstone,  aphanite,  serpentine,  &c. 

At  the  small  Zavod  of  Verchny  Barantchinsk,  talc  schists  are  seen  to  be  thrown 
off  from  a  mass  of  greenstone,  which  rises  into  a  hill  called  the  Limetree  Hill. 
From  the  depression  to  the  west  of  this  eminence,  the  ascent  of  the  real  (Jral-tau 
or  water-shed  commences.  The  rocks  discoverable  on  the  sides  of  the  route  are 
finely  laminated  micaceous  schists,  in  parts,  indeed,  somewhat  carbonaceous,  with 
occasional  quartzose  bands  and  veins  of  quartz*.  The  whole  of  the  tract  betweeu 
the  summit  of  talcose  and  chlorite  schists  and  the  environs  of  Serebriansk  is,  it 
must  be  admitted,  as  uninteresting  and  monotonous  a  mountain  side  as  we  ever 

1  Though  the  above-mentioned  rock  it  little  if  at  all  altered,  other  limestones  near  Kushvinsk  are  in 
the  state  of  white  crystalline  granular  marble.  In  one  of  these  we  detected  the  form  of  Favorites  Goth, 
landica ;  so  that  this  rock  may  be  true  Upper  Silurian. 

•  Colonel  Helmcrwrn  states  that  he  found  specimens  of  the  quartzose  micaceous  schist  called  "  Itaco- 
lumitc"  near  this  axis.  We  shall  hereafter  advert  to  this  rock  as  the  matrix  of  diamonds.  (Reise  nach 
dem  Ural  und  der  Kirgiacn  Steppe,  part  ii.  p.  199.) 
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traversed.  Poor  gold  washings,  now  abandoned,  were  formerly  worked  at  Kedrofka 
in  a  depression  near  the  axis,  and  deposits  of  brown  iron  ore  between  that  and 
Rabina  Gora,  slightly  diversify  the  features  of  the  subsoil,  which  invariably  present 
the  facies  of  metamorphic  rocks,  amid  which  one  band  of  white  crystalline  lime- 
stone is  apparent,  and  has,  like  all  the  other  strata,  a  persistent  strike  from  south 
to  north.  At  the  village  of  Lukovka,  thirteen  versts  from  Serebriansk  and  on  the 
western  slope  of  the  chain,  small  greenstone  protrusions  were  first  observed  by 
Colonel  Hchnerscn,  the  position  of  which  is  highly  interesting  in  exhibiting  a 
central  axis  of  metamorphic  rocks  enclosed  between  eruptions  of  igneous  matter1. 

It  was,  indeed,  very  gratifying  to  see,  that  in  proportion  as  we  receded  from  the 
igneous  zone  upon  the  east,  the  sedimentary  strata  gradually  parted  with  their  tal- 
cose,  quartzose  and  chloritic  character,  and  assumed  the  appearance  of  ordinary 
argillaceous  schist,  with  bands  of  grauwacke,  grit  and  psammitc,  all  parallel  to  the 
crystalline  axis  of  the  chain.  Arrived  at  Serebriansk,  the  appearance  of  the  strata 
at  the  edges  of  the  excavations  around  the  Zavod  and  along  the  banks  of  the  ar- 
tificial lake  and  of  the  river  Serebrianka,  led  us  to  suppose,  that  the  strata  were 
not  of  higher  antiquity  than  the  Uppermost  Silurian,  particularly  as  we  found  the 
Leptama  Uralensis  and  Terebratula  aspera  in  a  band  of  impure  limestone. 

Descent  of  the  Serebrianka  River  to  its  Mouth. — The  Zavod  of  Serebriansk  is 
established  for  the  purpose  of  catching  the  waters  of  the  Serebrianka  river  before 
they  enter  into  a  narrow  and  tortuous  defile  of  some  length,  by  which  they  escape 
to  the  Tchussovaya.  A  large  lake  is  thus  established  above  the  works,  by  the 
water  of  which  the  ores  of  Blagodat  are  to  a  great  extent  worked.  Having 
expressed  our  desire  to  descend  the  Serebrianka  to  its  junction  with  the  Tchus- 
sovaya  (for  we  saw  by  the  Map  that  its  banks  must  expose  good  sections  of  the 
strata),  it  was  most  mortifying  to  perceive,  that  the  river  beneath  the  water-works 
was  nearly  dry.  The  Imperial  instructions,  however,  for  the  fulfilment  of  our 
wishes  were  not  to  be  slighted,  and  by  daybreak  after  the  evening  of  our  arrival 
at  Serebriansk  the  worthy  Director  of  the  establishment,  M.  Moskvin,  having  let  off 
a  large  body  of  water  from  the  upper  reservoirs  or  lakes,  had  in  one  night  created 
a  river  for  our  use,  on  which  by  daybreak  a  few  canoes  and  a  larger  boat  were 
already  afloat  and  manned  ! 

In  this  little  flotilla  we  descended  the  wild  and  uninhabited  gorge,  though  not  with 

>  M.  Le  Play  also  speaks  of  hornblcndic  rock»  on  the  western  slope  of  the  axis,  but  to  the  south  of 
this  section.    (Comptcs  Rendu*,  October  21,  1&-M.  t.  xix.  p.  S53.) 
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facility.  The  body  of  water  was  insufficient  for  our  larger  boat,  laden  with  provi- 
sions and  baggage,  and  even  in  the  smaller  canoes  it  was  difficult  to  avoid  the  rocks  ; 
so  that  after  descending  for  some  hours,  one  of  them  was  upset  and  the  geologists 
were  well  drenched  in  the  rapid  stream1.  The  large  boat,  often  lifted  through  the 
rapids  by  our  hardy  and  cheerful  boatmen,  was  at  length  worn  through  by  the 
rough  treatment  of  the  projecting  rocks.  When  within  two  miles  of  the  mouth  of 
the  river  we  were  compelled  to  abandon  the  flotilla  and  endeavour  to  force  our  way 
by  night  along  the  edges  of  the  wild,  untrodden  and  virgin  forest  on  the  banks  of 
the  Serebrianka,  not  reaching  the  warm  and  dry  huts  of  the  peasants  at  Ust-Sere- 
briansk  until  two  in  the  morning. 

Such  privations  were,  however,  amply  repaid  by  the  knowledge  we  obtained  in 
this  long  day's  work,  of  the  true  structure  of  the  band  of  country  between  Sere- 
briansk  and  the  Tchussovaya,  through  which  the  river  Serebrianka  meanders  in  a 
deep  gorge,  for  a  distance  of  nearly  seventy  versts.  All  the  strata  around  the 
Zavod  of  Screbriansk  had  (as  we  have  already  remarked)  lost  their  crystalline 
characters,  and  had  passed  into  palaeozoic  rocks  of  ordinary  sedimentary  charac- 
ters. They  are  still,  however,  exceedingly  convoluted  and  much  dislocated.  Nu- 
merous examples  of  this  condition  may  be  seen  around  the  Zavod,  and  the  annexed 
diagram  representing  their  appearance  a  few  versts  below  55. 
it,  where  they  constitute  the  rocky  banks  of  the  Sere- 
brianka, will  sufficiently  illustrate  the  flexures  and  faults 
to  which  the  whole  tract  has  been  subjected. 

Thinly  fissile  schists,  often  of  purple  plum  colours,  roll  over  and  over  with 
courses  of  quartzose  and  psammitic  sandstone,  the  grauwacke  sandstone  of  authors, 
occasionally  highly  ferriferous  ;  and  these  beds  are  frequently  repeated  by  countless 
flexures. 

At  about  forty  versts  (following  the  bends  of  the  river)  beneath  the  Zavod  of 
Serebriansk,  the  grauwacke  schists  fold  under  the  first  limestone  we  observed ; 
and  about  twenty-six  versts  from  its  mouth,  we  met  with  other  limestones  (a  little 
above  the  junction  of  a  brook  called  Shuroska).  The  annexed  woodcut  will  suffi- 
ciently explain  the  relations  and  succession.  The  rock  here  (a)  is  a  dark  grey, 
hard,  impure  limestone,  subordinate  to  schist  or  shale,  is  much  contorted,  and 
striking  to  the  north-north-west,  contains  no  determinable  fossils.    To  the  west, 

1  Our  whole  party  was  reunited  at  Serebriansk,  and  continued  together  in  the  descent  of  the  rivers 
S:rebriankfc  and  Tcbussovaya,  and  also  in  traversing  the  Ural  by  the  Katchkanar. 
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or  further  down  the  stream,  the  calcareous  bands  expand  into  highly  fractured, 
slaty  limestone,  which  is  subordinate  to  hard  sandstone.  Up  to  this  point  the 
limestones  and  schists,  a  and  b,  may  be  Silurian  ;  but  at  two  versts  lower  down, 
the  beds  acquiring  more  regularity  (strong-bedded  black  limestone),  we  found  in 
them  several  fossils  which  convinced  us  that  they  were  of  the  age  of  the  South 
Devonshire,  or  Eifel  strata.  For  besides  the  Leptana  Vralensis  and  Terebratula 
reticularis,  both  of  which  descend  into  strata  which  may  prove  to  be  of  Silurian 
age,  we  may  cite  a  Clymenia,  Cyrtoceratites,  closely  resembling  an  Eifel  species, 
Strygocephalus  Burtini,  Orthis  striatulus,  Terebratula  concentrica,  with  two  new  spe- 
cies of  Spirifer  and  several  corals. 

The  beds  of  limestone,  separated  from  each  other  by  black  carbonaceous  courses, 
are  here  overlaid  by  highly  quartzose,  flat-bedded  grit,  which  passes  into  chert,  the 
whole  undulating  at  low  angles  of  inclination  1 5°  to  20°,  and  followed  by  beds 
slightly  differing  from  the  above  in  being  sometimes  more,  sometimes  less  cherty 
or  flinty  and  carbonaceous.  In  one  spot  indeed  (d  of  woodcut),  these  calcareous 
rocks,  containing  corals,  assume  very  much  the  lithological  facies  of  the  Upper 
Silurian  rocks  of  England,  in  which  small  calcareous  concretions  predominate.  But 
notwithstanding  all  convolutions,  we  were  evidently  making  an  ascending  section, 
as  the  prevalent  dip  was  to  the  west,  and  the  same  Terebratula  reticularis  was  more 
abundant  in  these  uppermost  beds  than  in  the  lower.  We  came  therefore  to  the 
conclusion,  that  the  fossiliferous  portion  of  the  calcareous  zone  between  the  Zavod 
of  Serebriansk  and  the  river  Tchussovaya  is  Devonian.  In  descending  the  latter 
river  we  met  with  repeated  and  rapid  undulations,  by  which  these  Devonian  rocks 
are  seen  to  support  true  carboniferous  limestone  of  very  dissimilar  characters. 

Descent  of  the  Tchussovaya  from  Ust- Serebriansk  to  Ust-KoivaK — The  same  calca- 

•  In  Part  I.  we  printed  the  word  Koiva  with  a  C.  but  the  orthoepy  to  which  we  have  adhered  in  our 
Map  induces  us  to  prefer  the  K.  In  partially  alluding  to  this  tract  in  a  previous  page,  125,  we  also  spoke 
of  the  lots  of  certain  sketches,  which  having  since  been  recovered,  the  illustrations,  pp.  386,  387. 388,  arc 
taken  from  them. 
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reous  Devonian  rocks  which  are  near  the  mouth  of  the  Serebrianka,  also  occupy 
the  cliffs  of  the  Tchussovaya  near  the  union  of  these  rivers.  It  is  useless  to 
describe  iu  detail  all  the  reversals  of  dip  or  flexures  of  the  various  black  and 
schistose  limestones,  marked  by  irregular  white  veins,  which  alternate  with  thin- 
bedded  black  chert  or  flint.  The  bends  and  breaks  of  these  limestones  are  indeed 
quite  as  numerous  and  as  remarkable  as  those  of  the  grauwacke  sandstone  and 
schists  upon  the  Serebrianka.  There  are,  however,  lithological  varieties  a  little 
below  Ust-Serebriansk  which  require  notice.  These  are  saccharoid  dolomites, 
both  white  and  black,  which,  here  and  there,  are  detected  amid  the  convoluted  and 
partially  altered  limestone  strata.  The  black  dolomite  (a  rock  unknown  we  believe 
in  Western  Europe)  is  occasionally  seen  in  very  thin  beds,  perfectly  interstratified 
with  the  ordinary  subcrystalline  limestone,  and  in  highly  inclined  positions.  The 
white  dolomite  occurs  at  a  point  of  great  disturbance,  and  where  the  dip  is  reversed. 

By  reference  to  the  Map  it  will  be  seen,  that  these  dolomites,  which  range  along 
the  great  north  and  south  fissure  of  the  Tchussovaya,  lie  between  two  hues  of 
igneous  eruption,  one  of  which  has  been  already  noticed  at  the  mineral  springs  of 
Sergicfsk  ;  the  other  (it  will  be  subsequently  mentioned)  ranges  northwards  from 
Bissersk,  a  tract  in  which  black  dolomite  also  largely  occurs. 

After  various  undulations,  in  which  masses  of  limestone  many  hundred  feet  in 
thickness,  occasionally  highly  fetid  and  containing  bands  of  dolomite,  are  arched 
over  grauwacke  grits,  these  Devonian  rocks,  for  the  most  part  inverted  or  dipping 
towards  the  Ural  chain,  though  in  other  places  away  from  it,  are  again  most  instruct- 
ively exhibited  in  regular  sequence,  at  the  Kinovski  Zavod,  on  the  left  bank  of  the 
Tchussovaya.  Here  a  transverse  ravine  exposes  the  following  section  in  ascending 
order  from  the  western  buildings  to  the  edge  of  the  stream,  the  whole  dipping 
about  50°  to  the  cast.  1.  Strong-bedded  grey  limestone,  with  Terebratula  prisca. 
2.  Black  beds  with  geodes  and  concretions  of  chert.  3.  Dolomitic  sandy  lime- 
stone, followed  by  courses  of  clay  and  thin  flat  beds  of  white  dolomite,  the  whole 
covered  by  impure  limestone  passing  into  quartzosc  calcareous  grit.  These  rocks 
are  Devonian ;  for  they  contain  Terebratula  reticularis  {prisca),  Spirifer  Murchi- 
sonianus  (De  Kon.),  with  Favosites  spongites,  F.  polymorpha,  Stromatopora  concen- 
trica,  Lithodendron  acspitosum,  and  Caunopora  favosa,  &c. 

By  this  high  inclination  of  the  strata  at  Kinovsk  on  the  west,  and  that  of  simi- 
lar strata  towards  Oslankoi  Pristan  on  the  east,  a  vast  trough  is  formed,  in  which 
appears  a  great  mass  of  amorphous  light-coloured  limestone,  called  by  the  Russians 
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Stina  voi,  or  the  wall.  Though  we  did  not  discover  fossils  at  this  spot,  there  can 
be  no  doubt  that  this  is  true  carboniferous  limestone,  both  from  its  lithological 
identity  with  rocks  a  little  lower  down  the  river,  which  contain  characteristic 
remains,  and  from  being  similarly  superposed  to  true  Devonian  rocks.  In  fact, 
after  various  contortions  of  the  inferior  beds,  the  very  same  limestone,  i.  e.  a  light 
grey  uniform  rock,  like  the  prevalent  carboniferous  limestone  of  England,  and 
very  different  from  the  dark-coloured  and  white-veined  Devonian  limestone,  rises 
up  into  the  bold  and  lofty  cliffs  called  Multik,  300  feet  high,  the  beds  of  which 
plunge  towards  the  Ural,  and  in  which  we  found  the  Productus  Scolicus,  Caryo- 
phyllia  fasciculata  (Flem.),  with  other  mountain  limestone  forms'. 

These  masses  of  limestone  are,  indeed, 
distinctly  sccu  to  lie  in  a  trough  ,  since  on 
proceeding  somewhat  eastward  by  a  bend 
of  the  river  towards  Oslanski  Pristan, 
we  again  met  with  precipitous  peaks  of 
Devonian  limestone  (Igluvostroi-kamen), 
for  the  most  part  in  highly  broken  and 
grotesque  forms  as  represented  in  this 
woodcut. 

The  older  members  of  the  Devonian 
system,  or  the  upper  part  of  the  Silurian 
(where  there  are  few  limestones  and  fos- 
sils it  is  impossible  to  draw  neat  lines 
of  division  in  a  rapid  survey),  are  thrown 
about  with  an  inverted  inclination,  often 
plunging  towards  the  Ural,  and  occupy 
low  domes  and  undulations  around  the 
station  of  Oslanski  Pristan.  These  de- 
posits are  composed  of  purple,  red  and  greenish  and  grey  schists  and  grits,  with 

'  Pruductut  gigat,  P.  nn/iyna/iw.  P.  Scolictis.  Spirifer  Moiqurnris,  with  CaryophyUia  fasciculata  (Flcm.) ; 
Harmoditet  reticulata  (Syringopora,  id.  Ooldf.),  H.  ramulota,  Faeosites  »pongitt*.  and  other  carboniferous 
fossils  occur  at  Hank  and  further  up  the  stream.  Several  of  the  corals  mentioned  in  this  and  other  pages 
had  not  been  seen  by  Mr.  Lonsdale  when  these  sheets  were  going  through  the  pre**,  and  they  may  under 
his  scrutiny  be  occasionally  distinguished  by  other  names.  (Sec  in  subsequent  part  Mr.  Lonsdale'*  de- 
scription of  the  corals.) 
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courses  of  impure  limestone,  on  the  whole  resembling  the  older  beds  upon  the 
Serebrianka,  p.  383. 

In  proceeding  thus  far,  by  the  devious  turns  of  the  Serebrianka  and  Tchussovaya, 
we  had  therefore  learnt,  that  the  whole  region  was  chiefly  made  up  of  lower  palaeo- 
zoic rocks,  the  folds  of  which  opening  out  in  proportion  as  they  receded  from  the 
chief  axis  of  the  Ural,  at  length  throw  off  troughs  of  carboniferous  limestone— that 
we  had,  in  short,  advanced  from  older  to  younger  deposits. 

This  inference  was  completely  confirmed  by  a  further  descent  of  the  Tchusso- 
vaya from  Oslanski  Pristan1  to  Ust-Koiva,  which  occupied  us  two  days.  In  this 
space  (of  not  less  than  thirty  English  miles  in  a  straight  line,  and  perhaps  double 
that  distance  by  the  stream),  in  which  the  river  Tchussovaya  meanders  nearly 
transverse  to  the  strike  of  the  strata,  we  passed  over  striking  flexures,  in  which  true 
Devonian  masses,  one  of  them  exhibiting  bands  of  hard,  thick-bedded  dull  red 
sandstone,  with  greenish  spots  and  blotches  very  much  resembling  the  old  red 
sandstone  of  the  Highlands  of  Scotland,  are  associated  with  and  overlaid  by  impure 
and  other  limestones,  with  characteristic  Devonian  fossils,  whilst  these  are  in  their 
turn  surmounted  by  great  masses  of  true  carboniferous  limestone. 

Further  to  the  west  we  took  leave  of  the  older  schists  and  psamraites,  and 
thenceforward  were  in  a  more  purely  calcareous  tract.  At  Tchismar  there  is  a 
striking  anticlinal,  where  Devonian  limestone  and  calcareous  shale  dip  off  to  the 
east  and  west  from  underlying  reddish  rocks.  In  the  upper  strata  near  this  place 
we  collected  the  Lithodendron  caspitosum  in  as  great  profusion  as  at  Lustheide  on 
the  Rhine,  together  with  Favorites  polymorpha,  Stromatopora  concentrica,  Spirifer 
MurchUonianus,  &c.  From  this  point,  indeed,  to  Kinish,  or  Kumuish,  on  the  left 
bank,  the  river  flows  in  limestones  for  the  most  part  Devonian,  and  often  in  the 
state  of  dolomite,  and  which  are  surmounted  by  carboniferous  limestone,  of  which 
we  traced  a  few  characteristic  fossils  at  intervals,  though  usually  the  latter  rock 
seemed  to  contain  Encrinites  only.  Although  the  natural  sections  convinced  us 
that  two  limestones,  the  lower  dark  and  white- veined,  containing  Devonian  fossils, 
and  the  upper  light  grey,  containing  carboniferous  fossils,  are  occasionally  in  juxta- 
position on  the  banks  of  this  river,  we  cannot  pretend  accurately  to  define  each 
junction.  We  will  simply  say,  that  the  one,  if  not  directly  incumbent  on  the  other, 
is  separated  only  by  a  few  bands  of  grauwacke  grit. 

'  This  place  is  the  port  on  the  Tchu««ov*ya  for  the  mineral  produce  transmitted  from  Kushvinsk  oud 
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A  more  picturesque  river  gorge  was  certainly  never  examined  by  geologists. 
Between  the  hamlet  of  Kinish  and  Ust-Koiva  we  passed  through  scenes  even  sur- 
passing in  beauty  those  higher  up  the  stream,  and  to  which  it  would  have  required 
the  pencil  of  a  professed  artist  to  do  justice.  The  river  runs  in  a  limestone  gorge, 
in  which  cliffs  of  every  variety  of  form,  occasionally  exposing  large  caverns  along 
their  vertical  faces,  with  trees  and  flowers  grouped  about  in  the  clefts:  rocks, 
varying  in  colour  from  black  to  white,  in  structure  from  amorphous  dolomite  to 
plane-bedded  limestone,  and  twisted  about  into  basins  and  anticlinal* — here  rising 
into  serrated  and  broken  peaks,  there  bending  into  graceful  slopes — appeared  in  a 
continual  succession'.  We  offer  to  our  readers  a  sketch,  taken  at  a  point  where 
the  river  is  very  tortuous,  and  must  leave  it  to  his  imagination  to  conceive  how 
beauteous  are  these  scenes  in  all  their  summer  glory.  In  the  opposite  lithograph 
a  large  bowl  of  carboniferous  limestone,  presenting  a  lofty  precipitous  face  and 
covered  with  foliage,  is  seen  in  the  distance,  on  the  opposite  or  left  bank  of  the 
stream ;  whilst  highly-inclined  and  contorted  rocks,  which  we  believe  to  be  De- 
vonian, occupy  the  foreground. 

The  local  name  of  the  most  remarkable  of  these  basins,  as  represented  in  this 
woodcut,  flanked  by  a  striking  mural  mass  of  limestone  (a)  300  or  400  feet  in 


height,  has  escaped  us ;  but  certain  peaks  were  known  to  our  boatmen  as  the 
"  four  brothers,"  and  another  fine  face  of  rock  was  termed  "  Giiselny  Kamen,"  or 
the  musical  stone.  Some  of  the  caverns,  like  those  before  mentioned  on  the  Issetz, 
are  said  to  have  been  inhabited  by  Yermak,  the  Cossack  conqueror  of  Siberia,  and 
therefore  the  great  hero  of  the  Ural  Mountains*. 

In  approaching  Cst-Koiva  these  grand  calcareous  flexures  begin  to  cease,  and  a 
long  ledge  of  the  upper  limestone,  loaded  with  true  mountain  limestone  fossils, 

1  The  most  prevalent  fir-tree*  are  the  Piniu  abies  and  P.picra,  here  and  there  a  gigantic  Pinna  rem- 
bra  and  a  larch,  with  birch,  aspen,  Ac.  &c.  Among  a  profusion  of  wild  flowers  we  were  specially  struck 
with  the  beauty  of  the  Cypriptdium  calctota,  and  many  specie*  of  Orchiie*,  Vicia,  Stackyt.  Ac. 

5  It  was  from  the  adjoining  Zavod  belonging  to  the  Strogonoff  family,  then  almost  exclusively  pos- 
•csring  this  region,  thut  Yermak  the  Cossack  first  proceeded  in  his  expedition  into  Siberia.    In  that 
shment  he  found  a  sure  retreat  and  centre  of  operation*  between  his  first  exploits  and  hi 
of  Siberia— a  conquest  scarcely  less  wonderful  than  that  of  Mexico  by  Cortcz. 
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dips  to  the  west,  under  the  millstone  grit,  in  the  manner  previously  described,  and 
represented  in  the  woodcut,  p.  126. 

Here  then  the  geologist  has  reached  the  western  term  of  the  more  violent  disturb- 
ances due  to  the  outburst  of  the  plutonic  rocks  and  the  upheaval  of  the  Uralian 
axis,  and  from  this  point  to  the  west  the  carboniferous  limestone  simply  folds  over 
in  broad  undulations  capped  by  millstone  grit,  occasionally  containing  a  little  coal  j 
whilst  all  these  more  ancient  palaeozoic  rocks  subside  beneath  conglomerates  and 
deposits  of  the  lower  country.  Such  conglomerates  arranged  in  horizontal  strata 
we  met  with  at  the  mouth  of  the  river  Usva  and  opposite  the  village  of  Komasino, 
where  they  alternate  with  beds  of  sandstone.  They  are  entirely  made  up  of  frag- 
ments of  the  adjacent  palaeozoic  rocks  on  the  cast,  and  certain  fragments  of  carbo- 
niferous limestone,  from  the  size  of  a  child's  head  to  that  of  the  fist,  mingled  with 
pebbles  of  quartz,  sandstone,  chert,  Lydian  stone,  &c.  Such  beds,  similar  to  those 
observed  in  the  same  position  on  the  route  between  Kongur  and  Ekaterinburg 
(p.  354),  tell  an  unambiguous  tale,  and  assure  us  that  one  of  the  great  elevations 
of  the  Ural  chain  took  place  after  the  formation  of  the  carboniferous  limestone  and 
millstone  grit,  the  fragments  of  which  have  been  deposited  at  the  foot  of  the  highly- 
inclined  and  broken  formations  which  have  been  described. 

Transverse  Section  of  the  Ural  from  Usl-Koiva  on  the  west  by  Bissersk  and  the 
Katchkanar  to  Turinsk  and  Verkhoturie'  on  the  east  (PI.  II.  fig.  5). — Having  en- 
deavoured to  explain  the  nature  of  the  deposits  on  the  western  flank  of  the  North 
Ural,  as  exposed  in  the  gorges  of  the  rivers  Screbrianka  and  Tchussovaya,  we  now 
beg  our  readers  to  repass  with  us  into  Siberia,  on  a  more  northern  parallel, — one 
by  which  we  could  not  have  travelled  without  the  united  assistance  of  our  lamented 
friend  Prince  Butera  and  the  Imperial  Government.  A  part  of  this  journey  only, 
viz.  to  the  gold  mines  of  Chresto-vodsvisgensk,  can  be  accomplished  in  the  tilegas 
and  light  carts  of  the  country,  the  central  ridge  being  with  difficulty  passable  on 
horseback. 

To  the  east  of  Ust-Koiva,  a  plateau  of  millstone  grit  is  succeeded  by  carboniferous 
limestone,  similar  to  that  on  the  Tchussovaya,  on  which  is  situated  the  Zavod  of 
Alexandrofsk.  Undulating  and  unaltered  strata,  chiefly  carboniferous,  continue 
a  little  to  the  east  of  that  place,  when  the  older  grits  and  grauwacke  (Devonian  ?) 
with  subordinate  limestone  are  found  penetrated  by  intrusive  rocks. 

These  intrusive  rocks  stretch  out  in  a  zone  from  north  to  south  in  the  meridian 
of  Bissersk,  the  chief  Zavod  of  the  tract,  and  are  most  apparent  about  twelve 
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versts  to  the  north  of  that  place,  where  they  are  specially  distinguished  by  con- 
taining that  beautiful  green  mineral  "  Ouvarovite,"  so  peculiar  to  the  Ural  Moun- 
tains and  Siberia.  This  line  of  eruption,  it  will  be  observed  (see  Map),  is  parallel 
to  the  crest  of  the  Ural.  In  looking  at  these  rocks  of  Bissersk  and  those  of  Nijny 
Serginsk  as  two  north  and  south 1  lines  of  eruption,  the  geologist  may  well  account 
for  the  great  breaks  and  occasional  mctamorphism  of  the  intermediate  strata,  of 
which  we  have  just  treated  as  exposed  upon  the  Tchussovaya.  But  between  these 
small  lateral  and  western  lines  of  eruption  and  the  chief  ridge  of  the  Ural,  where 
other  eruptive  rocks  appear,  many  sedimentary  deposits  occur,  and  just  as  in  other 
traverses  we  perceived,  that  in  proportion  as  the  strata  approach  the  grander  lines 
of  igneous  protrusion,  so  are  they  more  metamorphosed  and  crystalline. 

For  a  few  versts  to  the  east  of  Bissersk  no  rocks  appear  through  the  deep  and 
heavy  alluvia  and  morass,  but  on  reaching  the  little  depression  in  which  gold 
and  diamond  alluvia  occur  (twelve  versts  east  of  Bissersk),  strong  ledges  of  black 
dolomitic  limestone  have  been  laid  open,  which  strike  from  35°  west  of  north  to  35° 
east  of  south.  In  some  places,  where  the  alluvia  have  been  removed,  the  beds  are 
seen  in  highly  incliued  positious,  sometimes  vertical  and  at  others  inclining  70°  to 
80°  towards  the  Ural.  These  dolomites,  in  the  least  altered  parts  of  which  we  de- 
tected a  few  imperfect  organic  remains  (Corals,  Terebratula;,  Spirifene,  &c),  have 
much  the  aspect  of  those  on  the  Tchussovaya,  except  that  they  are  still  more  cry- 
stalline. They  are  flanked  on  the  west,  and  in  fact  pass  into  talcose  schists,  with 
bands  and  flattened  concretions  of  quartz,  and  as  both  these  rocks  have  clearly 
been  altered,  we  conclude  that  the  same  causes  have  affected  each  of  them.  In 
fact,  we  observed  between  the  beds  of  the  dolomite,  laminaj  of  talc  schist  similar 
to  those  which  occur  in  the  talcose  and  quartzose  rocks  of  the  adjacent  moun- 
tains. 

Throughout  the  greater  portion,  however,  of  the  tract  around  Chresto-vodsvis- 
gensk,  the  subsoil  is  completely  hidden  from  view  by  thick  mounds  of  gravel,  for 
the  most  part  very  coarse,  in  which  the  gold  ore  occurs,  and  in  which  a  few  dia- 
monds have  been  detected.  To  these  a  future  reference  will  be  made,  and  we  now 
proceed  to  describe  the  passage  of  the  Ural  by  the  mountain  of  Katchkanar. 

Passage  of  the  Ural  by  the  Katchkanar  to  Turinsk  and  Verkhoturie'. — The  road 
by  which  we  were  to  pass  the  Ural  (for  the  greater  part  a  mere  horse  track),  not 
having  been  used  for  some  years,  it  was  necessary  to  send  workmen  in  advance, 
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both  to  open  it  out  where  obstructed  by  the  growth  of  trees  and  branches  and  to 
order  guides  and  horses  to  meet  us  from  the  Imperial  Zavod  of  Turinsk  on  the 
Siberian  side  of  the  chain  to  which  we  were  proceeding'. 

The  country  between  the  great  alluvial  depression  in  which  these  gold  mines 
are  situated,  and  the  real  water-shed  of  the  Ural  is  featureless.  Dense  foliage  ob- 
structing all  lateral  view,  nothing  is  seen  beneath  the  feet  of  the  traveller  save 
bog  and  marsh  plants,  and  no  vista  whatever  can  be  obtained  through  the  dark 
and  gloomy  forest,  in  which  his  horse  flounders,  amid  half-rotten  and  broken  logs, 
occasionally  sinking  to  the  saddle  flaps  in  mire.  The  few  points  of  stone  which 
protrude  through  the  detritus  and  vegetation,  are  barely  sufficient  to  acquaint  him, 
that  here,  as  between  Kushvinsk  and  Serebriansk,  the  substratum  is  a  chlorite 
schist,  which  not  being  of  a  hard  nature,  has  been  worn  down  into  inconspicuous 
rounded  slopes.  The  ascent  of  these  hills  is,  indeed,  so  gradual,  that  our  guides 
had  some  difficulty  in  persuading  us  we  had  reached  the  summit  level  (sec  section, 
PI.  II.  fig.  5). 

Immediately  to  the  cast,  however,  of  the  orographical  axis,  a  very  different  scene 
awaited  us.  Scarcely  had  we  begun  to  descend  with  the  waters  to  the  east,  when 
turning  sharply  to  the  right  by  a  narrow  pathway,  we  were  suddenly  in  a  new 
world.  A  large  chaotic  assemblage  of  loose  angular  blocks  lay  around  us,  from 
amid  which  rose  the  magnificent  Pinu*  cembra,  towering  above  all  its  associates  of 
the  forests,  the  rocks  being  overgrown  with  psonies,  roses  and  geraniums.  Such 
rocky  features  alone  would  have  led  us  to  suppose  that  we  were  at  the  foot  of  the 
object  of  our  exploration,  when  in  a  few  minutes  the  broken  and  jagged  outline 
of  the  Katchkanar  burst  upon  the  sight,  under  a  fine  bright  sun,  and  amid  the 

1  The  Director  of  the  mines  of  Chrcsto-vodsvisgensk,  M.  Graube,  amost  intelligent  Saxon  miner,  made 
every  arrangement  for  this  expedition,  consisting  of  twenty  horsemen,  and  also  accompanied  us  to  the 
Katchkanar  and  bivouacked  with  us  for  the  night  in  an  open  shed,  "  balagan,"  constructed  on  the  mo- 
ment and  roofed  in  with  birch  bark  by  our  handy  Russian  attendants,  having  taken  care  to  send  forward, 
according  to  hospitable  Uralian  custom,  a  supply  of  food  and  beverage.  There,  on  the  eastern  foot 
of  the  Katchkanar.  we  met  with  horses  and  men  sent  on  from  Turinsk.  who  conducted  us  to  the  high 
road  between  Ekaterinburg  and  Bogoslofsk,  having  previously  cut  away  the  obstructing  boughs  along  the 
narrow  pathway.  Lying  in  the  "  balagan  "  before  mentioned,  with  our  feet  towards  a  large  fire,  we  may 
remark,  that  scarcely  could  the  smoke  defend  us  from  the  myriads  of  mosquitoes  of  these  northern  forests, 
which  in  the  height  of  the  summer  overpower  the  strongest  man,  and  render  geological  observation  diffi- 
cult, even  in  such  gauzt  masks  as  we  wore.  Next  morning,  bidding  adieu  to  the  kind  and  intelligent  M. 
Oraube  and  his  followers  from  the  west,  we  quitted  the  Katchkanar  and  passed  on  to  the  banks  of  the  Is 
and  the  Imperial  mines  of  Turinsk. 
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merry  song  of  birds.  The  dull,  wet  and  marshy  woodlands  were  now  exchanged 
for  sunshine,  rocks  and  gorgeous  vegetation.  At  length,  then,  we  had  found  out  a 
true  mountain  in  the  Ural,  and  leaving  our  horses  at  the  first  buttress  which  rise* 
above  the  forest,  wc  ascended  the  impending  crags.  Accustomed  as  we  have  been 
to  the  wildest  features  of  the  western  Highlands  of  Scotland  and  the  Alps,  we  are 
unacquainted  with  any  scene  presenting  a  finer  foreground  of  abruptly  broken  rocks 
and  never  certainly  had  we  looked  over  so  grand  and  solitary  a  trackless  forest  as 
that  which  lay  around  us,  and  from  which  some  straggling  distant  peaks  (those  on 
the  north  only  being  still  capped  with  snow)  reared  their  solitary  heads.  The 
accompanying  sketch,  slight  as  it  is,  may  convey  some  idea  of  these  primaeval 
forests  and  the  desolate  rocks  which  they  envelope. 

A  great  portion  of  the  rock  around  the  Katchkanar,  particularly  near  its  base, 
consists  of  white  and  green  felspathic  greenstone,  both  coarse  and  fine-grained. 

The  chief  summits,  however,  have  a  peculiar  aspect.  In  scrambling  over  their 
dark  surfaces,  the  crystals  of  augite  so  stand  out  from  the  felspathic  mass,  that  in 
external  aspect  they  reminded  us  of  the  crags  of  Coruisk  in  the  Isle  of  Skye,  where 
the  hypersthene  rocks1  pass  into  greenstone.  The  upper  masses  of  the  Katchkanar, 
though  unquestionably  of  igneous  origin,  are  regularly  stratified  (see  coloured  section, 
PI.  II.  fig.  5).  They  occur,  in  fact,  in  distinct  beds,  which  are  as  symmetrically  tra- 
versed by  joints  as  those  of  any  sedimentary  formation.  The  Katchkanar  may  be 
compared  in  its  rugged  form,  as  well  as  in  its  general  geological  relations,  to  the 
picturesque  Welsh  mountain  of  Cader  Idris,  which  being  of  about  the  same  altitude, 
is  also  for  the  most  part  composed  of  stratified  igneous  rocks  (greenstones),  por- 
phyries, &c,  which  rise  up  through  metamorphic  and  palaeozoic  strata,  whilst  the 
neighbourhood  exhibits  syenites  and  other  rocks,  like  those  of  the  Ural,  intruding 
through  slates  which  are  now  known  to  be  of  Lower  Silurian  age*.  The  prominent 
summits  consist  of  a  series  of  rugged,  broken  masses  bare  of  all  vegetation,  which 

1  Pallaa's  description  of  the  Katchkanar,  which  is  neither  geological  nor  detailed  (toI.  ii.  p.  267),  is 
chiefly  remarkable  for  the  account  of  the  powerful  magnets  procured  from  this  rock.  Adolph  Ennan 
determined  its  altitude  to  be  460  toises,  or  nearly  3000  English  feet,  and  fixed  its  longitude.  Gustaf  Rose, 
who  did  not  visit  it,  simply  describes  three  specimens  sent  to  hira  as  coarse-grained  magnetic  iron,  gra- 
nular iron  ore  and  augite,  and  coarse- grained  augite  sprinkled  with  iron  ore.  It  is  the  metallic  lustre 
of  some  of  the  crystals  which  gives  to  this  augitic  rock  the  aspect  of  the  hypersthene  of  the  Western 
Highlands  and  of  Radnorshire.   (See  Silurian  System,  p.  318.) 

*  Sec  an  excellent  account  of  the  structure  of  Cadcr  Idris  by  Mr.  A.  Aikin,  Transaction*  of  the  Geo- 
logical Society,  vol.  ii.  p.  273. 
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though  apparently  thrown  about  in  confusion,  when  viewed  from  below,  are  found 
to  be  regularly  bedded  and  traversed  by  two  seta  of  joints,  the  one  striking  from 
north-west  to  south-cast,  the  other  from  north-east  to  south-west.  Courses  of 
hard  and  pure  magnetic  iron  ore,  from  one  to  a  few  inches  thick,  line  the  first- 
mentioned  joints.  This  mineral  is  also  so  diffused  through  the  body  of  the  rock, 
that  wherever  we  placed  ourselves,  the  needles  of  our  compasses  vibrated  in  all  di- 
rections, and  we  were  only  enabled  to  decide  upon  the  true  direction  of  the  joints 
by  the  place  of  the  sun,  and  the  relative  position  of  distant  points  of  the  chain. 

Whilst  gold  alluvia  have  been  derived  from  veins  in  the  adjacent  rocks  both  on 
the  west  and  on  the  east,  detritus  containing  platinum  occurs  at  various  points 
near  the  central  ridge.  Similar  alluvia  have  been  described  by  Humboldt  and  his 
associates  at  Vissimo-Shaitansk,  near  the  crest  of  the  Ural,  in  the  parallel  of  Nijny 
Tagilsk,  where  the  platinum  is  associated  with  greenstone  and  hornblende  rock 
containing  chromate  of  iron.  From  this  association  it  has  been  inferred,  that  these 
hornblendic  igneous  rocks  with  magnetic  iron,  are  probably  the  sources  from  whence 
the  platinum  has  been  derived.  On  this  point  we  now  merely  note,  by  the  way, 
that  the  igneous  rocks  of  Katchkanar  seem  to  have  played  the  same  part  as  those  of 
Vissimo-Shaitansk,  and  to  have  produced  like  results.  Considerable  accumulations 
of  platinum  have  indeed  been  found  all  around  the  base  of  this  mountain,  particu- 
larly in  the  adjacent  river  valleys. 

If  we  had  known  nothing  of  observations  in  other  parts  of  these  mountains,  to  some 
of  which  we  have  already  alluded',  the  examination  of  the  Katchkanar  alone  would 
have  led  us  to  adopt  the  opinion,  that  magnetic  iron  ore  is  of  igneous  origin.  But 
now  that  M.  Rose  and  M.  Le  Play  have  observed  crystals  of  this  mineral  in  ig- 
neously  formed  rocks,  and  also  in  the  metamorphic  strata  in  contact  with  them, 
and  that  the  latter  author  and  Colonel  Helmersen  have  shown  that  masses  mainly 
composed  of  it  have  traversed  other  rocks  in  the  form  of  dykes,  the  inference 
becomes  irresistible.  Partaking  of  the  character  of  the  igneous  rock  of  which  it 
forms  a  part,  the  magnetic  iron  ore  of  the  Katchkanar  is  so  hard  and  crystalline  as 
to  be  very  intractable,  not  only  to  the  quarryman,  but  also  to  the  smelter.  This 
circumstance,  coupled  with  the  great  distance  to  which  it  was  necessary  to  trans- 
port the  material,  either  to  the  east  or  to  the  west,  has  led  to  the  abandonment  of 
works  formerly  commenced.    Unless  that  trial  had  been  made,  even  our  solitary 

1  See  Row.  rol.  i.  pp.  125,  172  et  ttq. ;  tnd  Lc  Play.  Comptei  Rcndm,  October  21,  1844. 
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pathway  would  have  had  no  existence,  and  the  wild  Katchkanar  could  not  have 
hecn  visited  by  the  geologist. 

The  essential  base  of  all  the  lower  country  at  the  eastern  loot  of  the  Katchkanar, 
consists  of  greenstone  or  other  igneous  rock,  which  extends  to  some  distance  from 
the  axis.  As  soon,  however,  as  we  reached  the  banks  of  the  Is,  an  east-flowing 
tributary  of  the  Tura,  and  emerged  from  the  dark  forest  into  the  first  reclaimed 
ground,  we  were  rejoiced  by  the  sight  of  a  group  of  our  oldest  fossil  friends.  The 
banks  of  this  little  river  are  in  fact  composed  for  a  considerable  distance  of  white 
limestone  thickly  tenanted  by  large  Pentameri,  some  Trilobitcs,  and  shells  which 
we  hailed  as  true  Silurians,  and  worthy  of  the  very  region  of  Caractacus.  Re- 
membering the  pleasure  with  which  we  first  cast  our  eyes  over  analogous  beautiful 
forms  of  the  Ludlow  formation  in  England,  we  were  enchanted  when  we  discovered 
myriads  of  them  undistinguishable  from  the  Pentamerus  Knighlii,  so  that  seated  on 
the  grassy  bank  of  the  Is,  we  might  for  a  moment  have  fancied  ourselves  in  the 
meadows  of  the  Lug  at  Aymestry '.  These  Silurian  beds  are  here  horizontal, 
a  rare  phenomenon  in  this  convulsed  region.  They  constitute,  in  fact,  one  of  the 
little  oases  in  a  region  of  large  dimensions,  where  the  original  surface  has  not  been 
broken  up  and  disturbed,  like  other  beds  already  described  near  Kushvinsk. 

All  around  the  Zavod  of  Nijny  Turinsk,  igneous  rocks  are  again  rife,  aud  all 
palaeozoic  evidences  are  blotted  out.  M.  Rose  has  already  described  the  varieties 
of  porphyry,  porphyritic  conglomerates,  with  augite,  uralitc,  &c.  which  we  tra- 
versed ;  and  little,  indeed,  offered  itself  as  we  travelled  along  the  banks  of  the  Tura, 
by  which  we  could  identify  any  of  the  strata  there  visible  with  unaltered  deposits. 
About  twenty-four  versts  east  of  Verkhoturid,  however,  micaceous  sandstone  and 
schist  appeared  on  the  edge  of  the  stream  which  we  believe  to  be  a  metamorphic 
deposit  (mere  altered  sandstone  and  shale) ;  the  mass  being  thrown  off  to  the  north- 
north-east  by  syenite,  veins  of  the  latter  were  seen  intruding  into  the  micaceous 
slate,  just  as  granite  veins  in  many  parts  of  the  world  penetrate  what  have  been 
called  "  primary  "  schists.  These  strata  are  thrown  about  with  devious  inclina- 
tions, and  whilst  some  dip  to  the  east  and  north,  others  incliue  to  the  west  and 
south,  or  away  from  the  line  of  eruptive  rocks,  on  one  of  which  stands  the  fortress 

'  Sec  Silurian  System,  p.  201 .  Reasons  will  be  given  for  assigning  a  new  specific  name  to  these  shells, 
which  in  external  form  are  so  thoroughly  identical  with  the  PtiUamenu  Knightii.  that  Mr.  Sowerby  and 
other  English  conchologists  will  not  even  now  admit  that  the  distinctions  indicate  a  new  species. 
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and  town  of  Verkhoturie'.  M.  Rose  styles  this  rock  of  Verkhoturie  a  granite  with 
occasional  crystals  of  Bucklandite  or  black  epidote,  and  although  we  find  in  our 
note-book  that  we  considered  it  also  to  he  a  syenite',  or  what  the  Italians  would  call 
"  granitello,"  (not  unlike  a  dominant  rock  in  the  Malvern  Hills  of  England,)  we 
have  no  doubt  that  the  definition  of  the  learned  Prussian  is  mineralogically  more 
correct  than  our  own.  It  is  now,  indeed,  well  known,  that  rocks  having  true 
granitic  characters  (as  in  the  Isle  of  Anglesea,  Norway  and  many  other  tracts) 
have  enacted  exactly  the  same  parts  as  syenites,  greenstones  and  porphyries  iu 
piercing,  whether  by  masses  or  in  veins,  the  pre-existing  palaeozoic  strata.  The 
geological  agency  therefore  of  all  these  rocks  is  to  a  great  extent  the  same" ;  and 
all  such  comparatively  modern  granites  must  therefore  be  distinguished  from  the 
more  ancient  granites  which  are  associated  with  truly  primary  rocks.  Hence  in 
our  general  map  of  Russia  and  the  surrounding  countries,  we  group  the  granites 
on  the  eastern  flank  of  the  Ural  chain  with  the  trap  rocks  of  other  countries,  and 
distinguish  them  from  the  antecedent  granites  of  Scandinavia. 

In  the  annexed  view  the  rock  of  Verkhoturie'  is  seen  to  be  surmounted  by  an  old 
castle  built  by  the  Emperor  Ivan  Vassilivitch,  with  its  accompanying  monastery 
and  church.  Formerly  one  of  the  great  keys  of  Siberia,  from  whence  the  Russians 
extended  their  conquest,  colonies  and  trade,  it  is  now  merely  regarded  as  a  venerable 
relic  of  olden  times,  the  bones  of  one  of  its  monks  being  visited  by  numerous 
pilgrims.  In  the  meantime,  whilst  Verkhoturie  is  in  a  dormant  state  because  no 
ores  are  near  it,  recesses  in  the  back  woods,  formerly  tenanted  only  by  Voguls  and 
wild  animals,  have  been  cleared,  and  have  risen  into  important  mining  stations, 
teeming  with  civilization  and  industry. 

With  the  exception  of  the  granite  and  crystalline  rocks,  the  only  deposit  in  the 
environs  of  Verkhoturie'  worthy  of  attention,  is  a  coarse  grit  used  for  millstones, 
which  lies  in  horizontal  masses  to  the  east  of  the  town,  and  in  a  fertile  plain.  This 
grit,  with  which  our  section  terminates,  is,  we  believe,  of  precisely  the  same  tertiary 
age  as  that  of  Kaltchedansk  (p.  362). 

Environs  of  Bogoslofsk. — The  granitic  rocks  of  Verkhoturie'  reappear  at  intervals 

1  To  establish  a  distinction  between  old  and  newer  granite*,  some  English  geologists  are  disposed  to 
attach  the  word  syenite  to  all  granitic  rocks  which  have  been  intruded  through  the  palaeozoic  as  well  as 
the  younger  sedimentary  strata.  It  would  be  well  if  correct  term*  were  introduced  to  distinguish  the 
modern  from  the  ancient  granites. 

■  Rose  also  speaks  of  a  true  syenite  upon  Uie  Turn,  probably  the  same  rock  which  wc  saw,  but  he  doe* 
not  describe  its  relations  to  the  adjacent  schists.    ('  Reise  nach  dem  Ural,'  <Stc,  vol.  i.  p.  388.) 
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to  the  north  along  the  river  Losva,  and  by  travelling  along  their  western  edge, 
through  a  country  chiefly  occupied  by  greenstone,  we  came  to  the  largest  masses 
of  palaeozoic  limestone  which  are  known  upon  the  eastern  flanks  of  the  chain. 
Though  perforated  on  all  sides  by  eruptive  rocks  (greenstone,  greenstone  porphyry, 
&c),  and  in  numerous  places  converted  into  mctamorphic  masses  with  mineral 
veins,  such  limestones  (the  normal  palaeozoic  deposits  of  this  country)  are  seen  to 
occupy  a  long,  narrow  tract  to  the  north  and  south  of  Bogoslofsk.  These  strata 
extend  from  the  Lobva  on  the  south  to  beyond  the  river  Sosva  on  the  north,  or 
for  upwards  of  100  versts,  and  are  traversed  not  only  by  those  two  streams,  but 
also  by  the  Kakva,  Turya  and  Vagran.  (See  Map,  PI.  II.)  Our  personal  exploration 
of  this  long  calcareous  zone  consisted  in  making  traverses  from  the  western  edges 
of  these  palaeozoic  rocks,  by  Bogoslofsk,  along  the  Turya,  to  the  copper  mines  of 
Turyinsk  on  the  cast,  and  also  by  descending  the  river  Kakva  to  the  gold  mines  of 
Peschanka  '. 

In  the  woodlands  at  the  western  end  of  the  Zavod  lake  at  Bogoslofsk  we  met 
with  some  bands  of  limestone  (PI.  II.  fig.  6),  but  owing  to  the  intolerable  perse- 
cution of  mosquitoes,  and  the  slight  elevation  of  the  rocks  above  the  soil,  we 
could  discover  few  fossils  sufficiently  distinct  to  characterize  the  strata  in  this  loca- 
lity, which  we  believe  to  be  Silurian.  At  the  eastern  extremity  of  the  lake  and 
on  its  southern  side,  strata  of  grey  and  white  spUntery  limestone  occur  in  highly 
inclined  and  vertical  positions,  in  which  we  detected  Pentamerus  Vogulictus,  (nob.) 
with  a  second  species  of  this  shell ;  and  these  inclining  to  the  east  are  surmounted 
at  a  high  angle  by  a  reddish  limestone,  with  Orthis  Arimaspus  (Eich.),  Terebratula 
nuda,  T.  prisca,  with  Favosites  Oothlandica  and  other  corals.  It  is  from  this  same 
band,  as  well  as  from  the  environs  of  Petropavlosk,  that  the  fossils  collected  by 
Colonel  Helmcrscn  were  communicated  to  M.  v.  Buch,  which  he  has  published  as 
Silurian*.   We  agree  with  that  author  in  viewing  the  chief  limestone  at  the  Zavod 

1  We  were  furnished  on  the  spot  with  a  very  instructive  geological  map  of  this  tract  by  Captain 
Karpinski,  in  which  the  outlines  of  the  limestones  and  every  intrusive  rock  are  laid  down.  Towards 
the  talcosc  and  quartzose  axi*  of  the  chain,  the  chief  eruptive  rock  is  marked  by  him  as  syenite,  whilst 
the  limestone*  are  surrounded  and  cut  off  by  gTccnstones.  &c.  The  metalliferous  zone  is  flanked  on 
the  cast  by  serpentine,  granite,  &c.  Wc  can  now  however  refer  our  readers  to  Colonel  Helmersen's 
second  part  of  his  '  Keise  nach  dem  Ural  und  der  Kirgisen  Steppe'  (1833  and  1633),  in  which  are  given 
a  map  and  sections  descriptive  of  the  same  country  around  Bogoslofsk  and  Petropavlosk. 

*  Sec  Von  Buch's  '  Beitrage  zur  Bcstimmung  der  Gebirgaformatioueu  in  Kussland.'  Among  the 
fossils  identified  and  described  by  M.  von  Buch  from  the  limestones  near  Bogoslofsk  arc,— Terebra- 
tula prUca  (Ter  effinis,  Sil.  Syst.);  T.  nuda,  V.  Buch;  T.  didyma,  Dalm.  (Atrypa  didyma.  80.  Syst.); 
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of  Bogoslofsk  as  Silurian,  but  we  now  proceed  to  show,  how  after  being  intruded 
upon  by  igneous  rocks,  these  strata  are  overlapped  by  courses  which  must,  we 
think,  be  included  in  the  Devonian  system.  (PI.  II.  tig.  6.) 

The  rock  which  immediately  overlies  the  red  limestone  in  the  southern  suburb 
of  Bogoslofsk  seemed  to  us,  at  first  sight,  to  belong  to  the  group  of  trappstan 
rocks  formed  contemporaneously  with  the  sedimentary  deposits,  for  it  occurs 
in  regular  beds  of  about  one  foot  thick  and  dips  45°  to  the  east.  By  close 
examination,  however,  M.  Rose  has  shown  that,  though  effervescing  with  acids, 
and  having  some  resemblance  to  compact  augite  porphyry  or  greenstone,  it 
exhibits,  when  disintegrated,  a  true  brecciated  or  conglomerate  nature.  He  also 
mentions  courses  of  associated  jasj>er  in  it,  and  as  we  agree  with  him  and  Colonel 
Helmersen,  that  this  stratum  of  "quasi"  igneous  rock  is  surmounted  by  an 
agglomerate  or  breccia  of  angular  fragments  of  fossiliferous  limestone,  and  that 
these  and  the  associated  grauwacke  schists  (often  jaspidified)  are  succeeded  by  a 
mass  of  augite  porphyry,  there  can  be  no  doubt,  that  eruptions  took  place  after 
the  consolidation  of  the  sedimentary  strata ;  and  that  here,  as  in  many  other  places, 
the  igneous  matter  has  for  a  certain  space  been  injected  in  bands  parallel  to  the 
laminae  of  the  pre-existing  deposits.  Whatever  this  rock  be  termed,  though  clearly 
of  plutonic  origin,  it  is  regularly  bedded  and  jointed,  and  alternating  with  the 
grauwacke  schists,  dips  with  them  decisively  to  the  east.  By  this  inclination  the 
whole  group  above  mentioned  is  brought  under  another  course  of  limestone  upon 
the  east,  in  which  a  specimen  of  Brontes  fiabellifer  was  observed.  From  the  pre- 
sence  of  this  Eifel  fossil  and  certain  corals,  we  were  therefore  disposed  to  view  the 
strata  which  overlie  the  Pentamerus  limestone  as  Devonian.  However  difficult  it 
may  be  to  draw  the  line  of  separation  between  the  Silurian  and  Devonian  rocks, 
still  this  little  section  near  Bogoslofsk  seems  to  show,  that  whilst  the  great  mass  of 
the  Silurian  rocks  may  be  metamorphosed  towards  the  central  axis  of  the  chain,  the 
uppermost  beds  at  all  events  seem  to  pass  into  the  Devonian  strata  in  the  environs 
of  the  Zavod'.  If  a  section  be  made  to  the  higher  mountains  of  the  Ural,  which  we 

T.  camrlma,  V.  Buch ;  Spiri/er  vtluliu,  S.  tvprrbut,  Eicliw. ;  S.  roflratut,  V.  Buch ;  Or/his  Arimaspv* 
Eichw.;  O.  elegant  ula  (0.  orbicularis,  Sil.  Syst.);  Ptniamtrus  Knightii,  Sil.  Syst.  (since  separated  by  us 
and  named  P.  Vogulicut);  Vlrurotomaria  {Turritrlla)  eingvlala  (His.),  with  the  corals,  Favorites  Cothlandka. 
F.  polymorph ,  Attrasa  porosa.  Cyathophyllum  ceratite*.  &c.  From  this  assemblage  M.  von  Buch  consi- 
dered this  limestone  to  be  Upper  Silurian,  and  probably  of  the  age  of  the  Ludlow  Mid  Aymestry  rocks. 

1  That  Devonian  rocks  exist  in  the  tracts  north  of  Bogoslofsk  and  Petrojavlosk,  seems  probable, 
judging  from  the  fossils  collected  by  Capt.  Strajefski. 
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did  not  visit  in  this  parallel,  we  learn  from  Captaiu  Karpinski  and  Colonel  Hel- 
mersen,  that  nothing  occurs  but  highly  metamorphic  rocks  (talc  schist  and  quartz 
rock)  flanked  on  the  east  by  lofty  culminating  points  of  syenite  and  greenstone1. 
This,  in  fact,  is  the  portion  of  the  Ural  chain  in  which  the  peaks  rise  to  the  greatest 
height,  the  Konshakofski  Kamcn  being  about  844  toises,  or  upwards  of  5400 
English  feet  above  the  sea. 

The  tract  to  the  east  of  Bogoslofsk  bristles  with  lower  ridges  and  points  of 
intrusive  rock,  which  though  slightly  diversified  in  outline,  possesses  a  great 
variety  of  mineral  structure*.  The  copper  mines  ofTuryinsk,  fifteen  versts  east 
of  Bogoslofsk,  afford  a  fine  illustration  of  metamorphism,  and  the  effect  pro- 
duced on  sedimentary  strata  by  the  eruption  of  plutonic  rocks.  These  mines 
occur  at  a  point  where  the  limestone  is  intersected  in  a  complicated  manner  by 
greenstone  porphyry,  between  which  and  the  limestone  are  not  only  masses  of 
copper  ore,  but  large  bands  of  garnet  rock.  We  specially  notice  the  nature  of 
this  metamorphism,  as  the  result  of  the  intrusion  of  igneous  upon  sedimentary 
matter,  because  it  confirms,  upon  a  grand  scale,  a  phenomenon  which  was  admi- 
rably described  many  years  ago  by  Professor  Hcnslow,  in  a  memoir  upon  the 
Isle  of  Anglesea'.    In  the  Welsh  case  the  altered  rock  is  of  the  carboniferous  age, 

1  Helmersen  doe*  not  indicate  any  syenite  towards  the  centre  of  the  chain,  but  lays  down  all  the 
highest  peaks  as  greenstone  and  greenstone  porphyry,  which  rock*  arc  occasionally  separated  from  the 
talcose  and  quartzose  rocks  by  hornblende  slate. 

«  Besides  several  ores  of  copper,  these  mines  have  afforded  silver,  line,  lead.  iron.  &c,  all  of  which 
are  described  by  M.  Rose. 

1  Trans.  Phil.  Soc.  Cambridge,  vol.  L  p.  339 — ■ M7.  This  very  able  memoir  of  Professor  Henslow  de- 
monstrates, what  is  not  so  clearly  exhibited  in  the  Uralian  case,  that  a  rock  containing  analcime  as  well 
as  garnets  i*  absolutely  nothing  more  than  a  metamorphosed  mass  of  shale  and  limestone  full  of  organic 
remains,  which  had.  by  the  inflaence  of  an  eruptive  rock,  been  converted  into  hornstone,  jasper,  and  the 
above  simple  minerals.  It  is  indeed  very  remarkable,  that  so  far  back  as  the  year  1 821 ,  when  some  of  the 
ablest  geologist*  of  the  present  day  were  still  "  Wernerians,"  Professor  Henalow's  view  of  the  whole 
structure  of  the  Isle  of  Anglesea  was  such,  that  it  may  to  a  great  extent  be  now  applied  to  the  Ural 
Mountains,  like  which  its  chief  and  oldest  metamorphic  masses  are  chlorite  schist;  and  quartz  rocks, 
passing  into  grcywacke  (Silurian?)  and  overlaid  by  old  red  sandstone,  carboniferous  limestone,  &c.  In 
the  Welsh  case,  as  in  the  Uralian,  the  strata  are  penetrated  by  trappscan  rocks  and  also  by  granites, 
which,  in  addition  to  metamorphism  and  fractures,  have  given  rise  to  a  copious  development  of  copper 
ores.  The  author  describes  in  a  very  masterly  manner  every  minute  change  which  the  sedimentary  de- 
posit* undergo  in  the  contiguity  of  the  igneous  rocks,  and  shows  how  the  old  red  sandstone  becomes 
crystalline,  the  very  pebbles  of  its  conglomerate  having  been  fused  in  contact  with  granite.  He  further 
points  out  how,  through  the  disappearance  of  one  mineral  ingredient  and  the  substitution  of  another, 
certain  intrusive  masses  of  rock  necessarily  acquire  different  names,  though  in  respect  to  age  and  geolo- 
gical operations  they  can  seldom  be  separated.    The  reader  who  will  take  the  trouble  of  comparing 
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and  the  intruding  rock  (dolerite)  ia  not  very  different  from  this  of  Turyinak. 
In  the  Uralian  case,  however,  the  grandeur  of  the  operation  must  not  be  for- 
gotten ;  for  the  garnet  rock,  loaded  with  very  beautiful  and  large  crystals,  is  in 

GROUND  PLAN  OF  A  PORTION  OP  TIIK  COPPKH  WORKS  AT  KKF.I.OFSKI,  TURYINSK. 
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the  detail*  of  Professor  Henslow  with  those  of  M .  Gustaf  Rose  and  Colonel  Ilclmcrsen.  will  perceive  ■ 
remarkable  analogy  in  the  Welsh  anil  Russian  example*  of  metamorphism.  But  however  the  facts  may 
be  similar,  there  is  an  important  difference  between  the  views  of  the  Russian  authorities  and  thu*e  of 
Professor  Henslow.  since  the  latter  show*  that  the  garnet  rock  uf  Anglesca  is  simply  tlie  fossilifcruus 
limestone  and  shale,  mineralized  and  altered  by  the  action  of  heat  und  the  protrusion  of  the  trap,  whilst 
Colonel  Helmersen  seems  to  regard  the  garnet  mass  itself  lis  of  eruptive  origin.  We  must  say  we  think 
the  reasoning  of  Professor  Henslow  may  also  be  applied  to  the  ca*c  of  Turyinsk,  whose  garnet  ruck  i*  we 
consider  metaroorphic — that  it  is.  in  fact,  like  the  changed  mountain  limestone  of  Anglcsen.  or  the  Silu- 
rian limestone  near  Drammen  in  Norway  (equally  charged  with  garnets),  a  remit  of  igneous  intrusion. 
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one  part  350  fathoms  long  by  twenty  wide,  and  has  been  worked  to  a  depth  of 
fifty  fathoms,  the  adjacent  limestone  being  chiefly  converted  into  crystalline 
marble.  In  parts  of  the  latter,  however,  which  are  les9  altered,  we  detected  bands 
of  black  chert  and  other  lithological  characters  so  common  to  the  palaeozoic  rocks 
of  the  Ural;  so  that  combined  with  fosailiferous  proofs  along  the  strike  of  the  beds, 
to  which  we  shall  hereafter  advert,  we  had  no  doubt  that  the  real  age  of  the  lime- 
stone is  Devonian.  Some  of  the  richest  copper  ore  occurs  in  openings  between 
the  garnet  rock  and  the  limestone,  or  along  their  points  of  contact.  In  some  parts 
it  is  enveloped  by  limestone,  and  in  others  by  the  garnet  rock,  which  according  to 
Helmersen  is  chiefly  compact  and  tough,  being  crystalline  only  when  in  contact 
with  the  limestone1.  The  preceding  diagram,  taken  from  a  coloured  Russian  plan 
of  the  works  at  Frelofski  (one  of  the  chief  mines  of  Turyinsk),  at  seventy  feet 
beneath  the  surface,  will  at  once  enable  the  reader  to  comprehend  the  relation  of 
the  garnet  rock  to  the  limestone  rock,  and  how  the  intrusive  rock  has  in  parts  not 
only  cut  off  and  isolated  the  limestone,  but  also  the  bands  with  garnets. 

All  the  undulating  and  lower  country  to  the  east  of  Bogoslofsk  which  we  tra- 
versed, abounds,  indeed,  in  a  singular  variety  of  mineral  appearances.  Thus  a 
very  few  versts  to  the  south  only  of  the  copper-mine  of  Turyinsk  and  Frelofski, 
arc  the  noted  gold  mines  of  the  Peshanka,  which,  formed  out  of  the  detritus  of 
eruptive  rocks  which  here  and  there  rise  to  the  surface,  will  be  alluded  to  here- 
after, together  with  the  auriferous  phenomena. 

Descent  of  the  river  Kakva. — When  isolated  among  the  garnets,  copper  and  gold 
of  this  tract,  the  warmest  advocate  for  metamorphic  agency  may  well  have  his 
misgivings  as  to  such  highly  altered  schists  and  limestones  having  ever  been  marine 
sediments  charged  with  organic  life.  But  if  he  be  disposed  to  doubt  that  such 
changes  have  been  accomplished,  and  the  environs  of  Bogoslofsk  on  the  west  will 
not  satisfy  him  (though  fossils  are  also  there  to  be  found),  we  beg  him  to  de- 
scend, as  we  did,  the  river  Kakva  from  the  station  of  Kakvinski,  south  of  Bogos- 
lofsk, for  a  distance  of  fifteen  or  twenty  versts.  As  this  river  flows  in  a  gorge  from 
west  to  east,  and  as  all  the  strata  of  the  region  here  strike  north  15°  east,  and 
south  15°  west,  it  is  manifest  that  it  thus  offers  a  transverse  section.  Accompa- 

'  According  to  Colonel  Helmenen.  there  are  instances  of  the  garnet  rock  branching  off  like  trap 
dykes  The  limestone  is  evidently  the  oldest  rock  :  judging  from  the  analogy  of  contiguous  places,  it  was 
first  invaded  by  the  greenstone,  and  from  the  facta  above  cited,  the  greenstone  porphyry  was  clearly 
the  last  formed  rock. 
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nied  by  Captains  Strajefski  and  Popoff,  and  our  former  companion  Karpinski,  we 
embarked  in  small  canoes  at  the  station  of  Kakvinski,  and  glided  down  the  tor- 
tuous and  rapid  stream.  We  found  the  whole  gorge  to  consist  of  rapid  undulations 
of  limestone,  which  thrown  into  a  number  of  saddles  and  troughs,  is  occasionally 
much  dislocated.  Associated  with  it,  we  observed  alternations  of  bedded  trap- 
pa?an  rocks  like  those  near  Bogoslofsk.  The  limestone  is  usually  of  a  dark  grey 
colour  with  white  veins,  but  in  the  vicinity  of  the  bedded  trap,  as  at  Bogoslofsk, 
it  is  red  and  compact.  Wherever  it  is  cut  through  by  igneous  rock  of  directly 
intrusive  character,  the  limestone  is  highly  altered  ;  and  we  met  with  one  example, 
where,  in  absolute  contact  with  a  dyke  of  greenstone  porphyry,  it  had  been  con- 
verted into  a  pure  white,  saccharoid,  granular  marble,  which  crumbled  away  under 
the  touch.  In  short,  this  descent  of  the  Kakva  would  satisfy  any  one,  however 
opposed  to  the  doctrine  of  metamorphism,  that  there  can  be  no  more  certain  method 
of  accounting  for  the  crystalline  condition  of  limestones  in  contact  with  eruptive 
igneous  rocks,  which  at  certain  distances  therefrom  are  unaltered  and  contain  or- 
ganic remains.  The  limestones  are  thrown  about  irwarious  flexures  to  the  east  and 
west,  whilst  the  dominant  strike,  from  north  and  by  east  to  south  and  by  west,  is 
very  clearly  maintained.  For  long  spaces  where  the  limestone  is  not  absolutely 
saccharoid  or  crystalline,  it  is  often  compact,  amorphous,  and  without  distinct 
traces  of  bedding,  and  constitutes  picturesque  cliffs.  One  of  these,  called  by  the 
boatmen  "  Bielaya-kamen,"  or  the  white  rock,  particularly  attracts  attention,  when 
it  peers  out  from  umbrageous  thickets  and  rich  vegetation. 

Amid  such  strata  we  had  at  first  little  hope  of  discovering  fossils,  but  here  and 
there  we  were  fortunate  enough  to  collect  an  adequate  number  to  satisfy  us  of  the 
age  of  the  rock.  Even  in  the  associated  bedded  trap,  which  very  much  resembled 
"  schaalstein,"  we  found  corals  similar  to  those  which  we  had  collected  in  a  some- 
what similar  rock  upon  the  Lahn  in  Nassau ;  such  as  Fatosites  polymorpha,  F. 
ramosa,  and  Stromatopora  concentrica.  These  fossils,  which  with  the  Terebratula 
reticularis  or  prisca  and  a  plicated  Terebratula  were  also  found  on  the  vertical 
and  weathered  faces  of  the  limestone,  led  us  naturally  to  believe,  that  the  greater 
portion  of  this  rock  may  be  considered  Devonian. 

We  also  detected,  however,  in  a  limestone,  one  of  the'Pentameri,  common  to 
the  underlying  rock  of  Bogoslofsk1.   Our  belief  therefore  is,  that  in  the  undula- 

>  M.  Rom  mention*  the  occurrence  of  a  trilobite  in  this  limestone  of  the  Kakva,  which  was  supposed  to 
be  the  Calymette  Blumenbachii. 
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tions  and  great  breaks  to  which  all  the  strata  have  been  subjected  in  this  tract,  the 
uppermost  beds  of  the  Silurian  are  brought  to  the  surface  and  throw  off  the  lower 
beds  of  the  Devonian,  as  in  the  vicinity  of  Bogoslofsk. 

It  was  sufficient  for  our  chief  purpose  to  satisfy  ourselves,  that  the  limestones, 
however  crystalline  and  altered  in  some  parts  of  their  strike,  as  in  the  adjacent 
tract  of  Turyinsk,  were  nothing  but  palaeozoic  rocks,  and  of  this  fact  the  section 
of  the  Kakva  offered  us  the  most  convincing  proofs.  To  have  worked  out  the  pre- 
cise succession  of  the  strata  in  so  convulsed  a  region  was  wholly  impracticable 
during  our  cursory  survey. 

Equally  convincing  and  more  elaborately  detailed  illustrations  of  this  phenome- 
non are,  indeed,  given  by  Colonel  Helmersen,  who  in  extending  his  descriptions  of 
it  to  the  banks  of  the  Vagrun  and  Sosva  near  Petropavlosk,  has  shown  how  on 
these  streams,  as  well  as  on  the  Turya  near  Bogoslofsk,  the  fossiliferous  limestones' 
and  their  associated  beds  are  variously  dislocated,  mineralized  and  changed  (in- 
cluding passages  into  dolomites,  saccharoid  marbles,  jaspers,  homstoues,  &c.)  when 
in  contact  with  or  in  the  proximity  of  the  greenstones  and  porphyries  of  those 
districts.  His  observations  form  a  valuable  geological  illustration  of  this  territory  ; 
whilst  M.  G.  Rose  fully  explains  the  mineral  distinctions  throughout  the  eruptive 
and  crystalline  rocks  around  Bogoslofsk,  and  has  pointed  out  that  the  greenstone 
porphyry  traverses  not  only  the  sedimentary  deposits,  but  also  the  metamorphic 
garnet  rock  which  had  probably  resulted  from  a  previous  eruption  of  another  mass 
of  matter  in  fusion  (greenstone).    (Rose,  p.  400.) 

In  concluding  this  chapter,  it  may  be  observed,  that  the  transverse  sections 
of  the  Ural  which  have  been  described,  explain  phamotnena  clearly  which  are 
obscurely  seen  only  upon  the  route  from  Perm  to  Ekaterinburg.  They  show  us, 
that  if  not  throughout  the  chain,  at  least  on  both  its  flanks  and  wherever  the  strata 
are  not  highly  altered  and  crystalline,  their  age  can  be  recognized  by  organic  re- 
mains. Whether  we  look  to  the  uppermost  Silurian  and  the  Devonian  limestones, 
cut  off  and  left  in  isolated  fragments  amid  igneous  masses  on  the  east  of  the  chief 
ridge,  yet  succeeded  by  Devonian  and  (as  on  the  Issetz)  by  carboniferous  rocks,  or 

1  In  considering  the  fossils  collected  in  the  So*va,  Vagrnn  and  Turn,  to  be  Upper  Silurian,  Colonel 
Helmersen  has  added,  that  they  arc  probably  of  the  same  age  as  the  limestone  of  Livonia,  which  lie* 
between  the  Esthonian  (Lower  Silurian)  limestone  on  the  one  hand  and  the  Devonian  rocks  on  the  uUjer. 
Judging  from  the  corals  he  has  seen  from  several  of  these  localities,  some  of  which  he  believes  to  be  new 
species.  Mr.  Lonsdale  thinks  that  Devonian  rocks  arc  prevalent  in  the  region  east  and  north  of  Bogos- 
lofsk. (See  his  description  in  the  sequel.) 
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to  the  Devonian  and  Carboniferous  limestones  of  the  Serebrianka  and  Tchussovaya 
rivers  upon  the  west,  a  persistent  strike  and  general  conformity  of  succession  from 
centre  to  flanks  is  seen  to  prevail  throughout  the  range.  With  numerous  breaks, 
curvatures,  and  even  apparent  reversals,  all  these  strata,  whether  metamorphic  in 
their  centre,  unaltered  on  the  west,  or  highly  altered  amid  the  granites  on  the 
eastern  flank  of  the  chain,  are  conformable  to  each  other,  and  all  have  the  same  line 
of  bearing  as  the  higher  adjacent  portions  of  the  axis  ;  the  strike  of  the  westernmost 
zone  of  carboniferous  limestone  being  perfectly  parallel  to  the  most  central  band 
of  chlorite  schist  and  quartz  rock,  in  the  same  latitude.  The  North  Ural  of  the 
Russian  miners  is,  therefore,  to  be  considered  as  made  up  of  one  great  sedimentary 
series,  which  originally  accumulated  in  successive  masses,  has  since  been  metamor- 
phosed, pierced  and  broken  up,  on  parallel  lines  of  intumescence,  eruption  and 
dislocation. 

In  subsequent  chapters  we  shall  further  dcvelope  the  striking  lithological  di- 
stinctions between  the  rocks  upon  the  opposite  flanks  of  the  central  ridge  of  the 
chain. 


CHAPTER  XVI  f. 


THE  ARCTIC  URAL  AND  THE  TIMAN  RANGE. 


(MAP.  PL.  VI.,  AND  COLOURED  SECTIONS.  PL.  V.) 


Eastern  Plank  of  the  Ural  from  62°  to  65°  North  Latitude.— Jurassic  Deposits  in 
65°  North  Latitude.— Western  Flank  of  the  Arctic  Ural— Section  of  the  River 
Iletsk,  with  fossiliferous  Lower  as  well  as  Upper  Silurian  Rocks. — Carboniferous 
Limestone  and  peculiar  Development  of  its  overlying  Whetstones. — Isolated  Trappaan 
Ridge  of  Sabliit. — The  Timan  Range — Constitutes  the  North-eastern  limit  of  the 
Great  Permian  Basin— Its  Granite  and  Schists.— Upper  Silurian  Rocks  irith  Pen- 
tameri.—The  "  Domanik"  Schists  shown  to  be  of  Upper  Silurian  age. — Devonian 
Rocks  of  the  same  type  as  in  the  Valdai  Hills. — Carboniferous  Limestone  like  that 
of  Russia  in  Europe. — Eruptive  Rocks  of  the  Timan  Range. — Large  area  between 
the  Timan  and  the  Ural  occupied  by  Jurassic  deposits. — Conclusions,  and  Results  of 
the  Survey  of  the  Petchora. 

Qui  ITING  for  a  time  the  colonized  portions  of  these  mountains,  let  us  now 
extend  our  view  to  wilder  regions,  which,  as  distinguished  from  the  North  Ural  of 
the  miners,  may  he  termed  the  "  Arctic  Ural." 

Eastern  Flank  of  the  Ural  Chain  Mountains,  extending  from  Bogoslofsk  by  Petro- 
pavlosk  to  65°  North  Latitude. — Our  own  researches  hetween  Ekaterinburg  and 
Bogoslofsk  having  completely  satisfied  us  concerning  the  true  nature  of  the  eastern 
flank  of  the  Ural,  a  reference  to  an  excellent  geological  map  of  these  environs, 
prepared  by  Captain  Karpinski,  sufficed  to  convince  us,  that  the  same  limestones 
and  igneous  rocks  extended  to  Petropavlosk  and  its  environs,  the  most  northern 
establishment  of  the  Russian  mines.  It  was  not,  therefore,  necessary  to  follow 
these  deposits  further  northwards  upon  their  line  of  bearing ;  for  we  had  before  us 
all  the  fossils  and  specimens  of  Petropavlosk,  and  from  them  we  clearly  perceived, 
that  the  limestone  nearest  to  the  Ural  ridge  contained  Silurinn  Pentameri,  whilst 
Devonian  shells  occurred  upon  the  east.    On  the  banks  of  the  Sosva,  as  upon 
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the  Kakva,  these  deposits  are  interrupted,  cut  off  and  metamorphosed  by  the  intru- 
sion of  igneous  rocks. 

The  persistent  strike  of  all  the  chief  sedimentary  masses  of  the  Ural,  whether 
metamorphic  or  unaltered,  and  the  dominant  lines  of  eruption  from  north  to  south, 
of  various  bands  of  igneous  rock,  might,  a  priori,  lead  any  observer  to  suppose, 
that  a  similar  structure  would  be  found  to  pervade  the  eastern  flank  of  the  chain 
when  followed  into  the  Arctic  wildernesses.  That  such  is  truly  so,  has  however 
only  been  determined  by  recent  discoveries  of  Russian  observers. 

The  earliest  expedition  for  this  purpose  was  under  the  command  of  Colonel 
Protassoff,  chief  of  the  establishment  of  Bogoslofsk  at  the  time  of  our  visit  to 
that  place.  This  officer,  aided  by  Captain  Strajefski,  had  some  years  before 
explored  the  mines,  copper  veins,  iron  ores  and  auriferous  alluvia  on  the  river 
Tolya  200  versts  north  of  Bogoslofsk.  Subsequently,  Captain  Strajefski  was 
placed  at  the  head  of  the  northern  explorations,  and  in  two  summers  of  very 
arduous  labour,  he  succeeded  in  reaching  05°  north  latitude.  In  this  journey, 
often  labouring  for  great  distances  through  deep  swamps  and  lofty  forests,  inha- 
bited at  rare  intervals  by  wild  Ostiaks, — tortured  by  swarms  of  mosquitoes,  and 
obliged  to  force  each  step  through  thickets,  he  overcame  the  most  trying  diffi- 
culties. By  this  expedition,  the  rivers  which  descend  from  the  Ural  were  de- 
fined, and  their  native  names  attached  to  them ;  the  rocks  on  their  banks  were 
examined,  and  by  occasional  traverses  towards  the  axis  of  the  chain  its  structure 
was  determined.  Proceeding  from  the  sources  of  the  Losva  above  Petropavlosk, 
Strajefski  passed  over  the  Sosva,  and  afterwards  in  succession  its  northern  tribu- 
taries the  Nios,  Bugalia,  Tolya  and  Sigva.  Supplied  by  him  with  a  large  sketch 
MS.  Map  of  the  whole  region  that  he  traversed,  we  have  taken  from  it  the  few 
data  which  appear  on  our  general  geological  map  concerning  this  wild  tract ;  and 
have,  for  the  present,  deposited  his  original  MS.  with  the  Royal  Geographical 
Society  of  London. 

Examining  at  Bogoslofsk  the  specimens  which  Captain  Strajefski  had  brought 
back,  we  had  no  difficulty  in  satisfying  ourselves,  that  Upper  Silurian  and  Devonian, 
perhaps  even  some  carboniferous  strata  (for  schists  with  plants  occur),  range  at 
intervals  from  south  to  north  along  all  this  eastern  flank  of  the  chain,  and  that 
there,  as  well  as  in  the  other  tracts  already  described,  these  deposits,  often  entirely 
cut  out  for  long  distances,  are  usually  rendered  highly  metamorphic,  particularly 
towards  the  axis  of  the  chain,  by  numerous  intrusive  rocks,  of  which  greenstone 
is  the  most  prevalent. 
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Another  important  geological  result  of  the  expedition  of  Captain  Strajefski  was 
the  discovery,  before  alluded  to  (p.  230),  of  Jurassic  strata  replete  with  fossils  in  64° 
north  latitude.  These  beds  on  the  banks  of  the  little  river  Tol,  were  found  to 
consist  of  greenish  sand  and  dark  shale,  dipping  to  the  east  or  from  the  Ural  chain. 
Among  the  fossils  are  Pinna,  Plagiostoma,  Pholadomya,  Modiola,  &c,  with  Am- 
monites and  Belemnites,  forming  altogether  precisely  the  same  group,  with  which 
we  had  become  familiar  on  the  banks  of  the  Moskva,  the  Oka  and  the  Volga. 

The  occurrence  of  Jurassic  rocks  in  this  position  was  at  first  a  great  source  of 
surprise  to  us,  particularly  as  we  had  then  observed  no  decisive  proofs  of  a  similar 
deposit  in  any  portiou  of  the  eastern  slopes  of  the  Ural1.  Subsequently,  indeed, 
we  were  led  to  believe,  that  a  small  patch  of  Belemnitic  strata,  surrounded  by  erup- 
tive and  metamorphic  rocks,  and  detected  by  Colonel  Helmersen  and  M.  Hoffman 
on  the  plateau  of  the  Southern  Ural  near  Tanalysk,  might  also  be  of  this  epoch. 
The  strata  of  the  same  age  on  the  eastern  banks  of  the  river  Emba  and  its  feeders, 
approaching  as  they  do  towards  the  southern  prolongation  of  the  Ural  chain  (see 
Map,  PI.  VI.),  and  apparently  almost  folding  round  it,  would  further  lead  us  to 
conclude,  that  however  the  deposits  are  now  separated,  the  6ea  in  which  the  Juras- 
sic shells  were  entombed  must  have  wrapped  round  the  northern  and  southern  ends 
of  these  mountains,  and  at  a  period  long  after  their  earliest  elevations.  Our  ac- 
quaintance with  these  deposits  has,  indeed,  been  greatly  extended  by  subsequent 
discoveries  on  the  western  flank  of  the  Arctic  Ural,  where  the  same  Oxfordian 
strata  have  been  largely  found,  a  point  to  which  we  shall  presently  revert. 

Western  Flank  of  the  Arctic  Ural. — We  now  pass  on  to  consider  the  structure 
of  the  boreal  region,  first  laid  open  by  our  own  researches',  which  ranges  north- 
wards from  62°  north  latitude,  and  constitutes  the  western  flank  of  the  Arctic  Ural. 
The  geological  composition  of  the  mountains,  in  these  parallels,  may  be  briefly  ex- 
plained,  by  describing  the  natural  sections  exposed  on  the  banks  of  the  rivers 
which  descend  from  the  crest  of  the  mountains.  In  that  crest  is  situated  the  lofty 
mountain  whence  the  magnificent  Petchora  takes  its  rise,  its  chief  source  being 
called  by  the  native  Zyrians  Petchora-ill-is  (see  Map).  In  summer  this  tract 
is  frequented  by  a  branch  of  the  Ostiaks  called  Mantchi,  who  possess  large 

'  In  a  aurvey  »o  expeditious  as  that  which  we  made,  it  is  not  easy  to  establish  the  non-existence  of  a 
deposit  over  a  wide  region.  We  may.  indeed.  Bay  that  we  found  an  imperfect  shell  in  a  roam  of  lime, 
stone  immediately  south  of  Verch  I'raUk,  which  had  much  the  appearance  of  an  Ammonite  of  the  Jura&sic 
serie*.    Of  this,  howcTer,  in  the  sequel. 

«  See  notice  of  the  geological  discoveries  of  our  associate  Count  Keyserling,  p.  230. 
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troops  of  rein-deer,  and  by  whose  aid  we  ascended  the  mountain.  From  the 
summit  of  Petchora-ill-is  (about  3600  feet  above  the  sea),  the  spectator  casts  his 
view  eastwards  into  the  wide  and  deep  valley  of  the  Sosva  (see  p.  405) ,  occupied  by 
dense  dark  forests,  beyond  which  arc  ranges  of  heights',  called  Telbunniar  by  the 
natives.  Still  further  to  the  east  are  green  dark-wooded  plains,  in  which  a  few  lakes 
appear,  and  in  the  distance  are  the  boundless,  yellowish  steppes  of  Siberia.  To 
the  west,  on  the  contrary,  the  view  is  soon  arrested  by  numerous  rocky  elevations, 
which  surround  the  upper  woodland  depression  in  which  the  rivers  Yegra-laga 
and  Petchora  have  their  origin.  The  crest  itself  is  seen  to  range  very  distinctly 
from  south  to  north,  along  a  series  of  broken,  rocky  summits,  whose  sides  are,  for 
the  most  part,  covered  with  debris  or  grassy  slopes. 

The  mountain  of  Petchora-ill-is  consists  of  chloritic  and  micaceous  schists,  often 
highly  quartzose,  in  beds  obscurely  stratified,  and  approaching  to  vertically. 
These  rocks  occupy  a  broad  zone,  including  another  mountain,  called  by  the  Zyrians 
Balvano-is,  or  the  Mount  of  Idols,  which  owes  its  name  to  a  peculiar  phaenome- 
non.  On  its  rounded  verdant  summit  are  seen  certain  grotesque  and  rude  columnar 
masses  of  chloritic  quartz  rock,  mostly  attenuated  towards  their  base,  and  occasion- 
ally attaining  the  height  of  100  feet.  These  natural  monolithes  are  eight  in  number, 
and  as  five  of  them  lie  in  the  same  alinement,  or  from  north-east  to  south-west, 
we  might  at  first  suppose  that  they  were  indications  of  a  great  vein.  Their 
schistose  and  depositary  character,  however,  and  the  irregular  distribution  of  the 
other  three  pillars,  render  it  more  probable  that  they  are  simply  the  hardest  por- 
tions of  the  rock,  which  have  most  effectively  resisted  destruction. 

To  the  west,  the  geologist  descends  through  similar  quartzose,  chloritic  and  mi- 
caceous rocks  and  marshy  forests,  into  the  vast  alluvial  plain  of  the  Yegra-laga. 
This  plain  is  much  occupied  by  gravel  and  rounded  blocks  of  medium  size,  all  de- 
rived from  the  adjacent  chain.  A  few  deserted  huts  are  to  be  found  which  formerly 
served  as  places  of  barter  between  the  Zyrians  and  the  Ostiaks. 

Looking  eastwards  from  this  tract,  we  were  struck  with  the  conical  form  of  a 
mountain  named  Cosis,  which  we  supposed  might  be  trappaan,  but,  judging  from 
specimens  brought  to  us  by  the  natives,  we  found  it  to  be  composed  of  the  same 
rocks  as  the  Petchora-ill-is. 

Lower  and  Upper  Silurian  Rocks. — In  descending  the  Yegra-laga  we  observed 
on  both  its  banks  alternations  of  argillaceous  slaty  schist,  with  bands  of  black 

1  According  to  Strajcfski  thc»e  hills  are  trajipaan. 
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cncrinite  limestone,  traversed  by  veins  of  quartz.  These  beds,  having  a  north  and 
south  direction,  cover  the  country  to  the  point  where  the  river  Yegra-laga 
empties  itself  into  the  Iletsk  .  and  even  in  ascending  the  latter  towards  the  north, 
they  are  traceable  for  some  distance.  The  only  lithological  variation  observable 
in  these  beds,  is  when  they  pass  into  talc  schist,  and  where  they  contain  great  flakes 
of  mica.  Their  usual  inclination  is  80°  towards  the  east,  by  which  position  it  may 
be  supposed  that  they  are  inverted,  like  certain  strata  before  alluded  to,  which 
approach  the  Ural  ridge  on  more  southern  parallels. 

In  descending  the  river  Iletsk,  the  same  beds  plunge  westwards,  and  still  present 
the  same  courses  of  fetid  encrinite  limestone,  and  apparently  with  no  other  fossils. 
Upon  them  rest  thick  masses  of  subcrystalline  grey  limestone  (marble),  occupying 
cliffs  of  about  400  feet  above  the  stream.  Though  it  is  difficult  to  extract  organic 
remains  from  this  rock,  we  detected  in  it,  besides  turriculated,  indeterminable  shells 
(probably,  like  those  of  Nijny  Tagilsk,  of  the  genus  Murchisonia) ,  the  Pentaments 
Ostiacus  and  the  Calamopora  alveolaris.  The  two  last-mentioned  fossils  are  indi- 
cative of  Upper  Silurian  age,  and  as  the  rock  rests  upon  the  slaty  schists  with 
encrinite  limestone,  the  latter,  we  inferred,  must  represent  a  portion  of  the  Lower 
Silurian,  like  other  masses  to  which  we  shall  now  advert. 

The  upper  or  marble  beds  dip  both  to  the  east  and  west,  at  angles  from  40°  to 
near  vertically,  and  form  a  great  basin,  from  beneath  the  western  side  of  which  the 
same  argillo-calcareous  schists  rise  up,  as  on  the  east.  In  one  locality  near  the  river 
Jezem,  these  slaty  schists  constitute  a  rock,  much  resembling  in  lithological  aspect 
that  of  the  shelly  portion  of  the  mountain  of  Snowdon  in  North  Wales,  and  like  it 
containing  true  Lower  Silurian  species,  such  as  Orthis  calligramma  (Dalm.),  O.tes- 
tudinaria  (Dalm.),  O.infiexa  (Pand.),  Terebratula  crispata  (Sow.),  T.  pleurites,  n.s., 
Leptcena  trama,  n.s.,  a  large  indeterminable  Orthoceratite,  and  the  Calamopora 
fibrosa  var.  Spfutra. 

The  occurrence  of  these  shells  in  beds  which  underlie  Upper  Silurian  rocks, 
and  pass  conformably  into  talcose  and  chloritic  schists,  is  of  great  importance  in 
leading  us  to  believe,  that  by  far  the  greater  portion,  if  not  the  whole,  of  the  Ural 
must  originally  have  been  formed  of  true  palaeozoic  deposits'. 

Still  further  to  the  west,  Lower  Silurian  rocks  with  black  encrinite  limestone 

1  This  Pentnmerus,  which  is  not  to  be  found  in  Part  III.  of  our  work,  will  be  figured  and  described  by 

the  plates  and  letterpren  of  which  being  of  precisely  the  same  sire  as  our  own,  will  form  a  natural  sup- 
plement  to  this  work. 
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again  prevail,  when  they  alternate  with  fragile,  argillaceous  schists  and  grey  quartz 
rock,  all  of  which  are  in  highly  inclined  or  sub-vertical  positions.  On  the  left 
bank  of  the  stream,  brown  and  brittle  argillaceous  schists  constitute  a  mountain 
called  Pulnaya-Gora,  or  Ball  Mountain,  so  called  because  it  is  charged  with  many 
argillo-ferruginous  concretions  of  a  perfectly  spherical  form,  another  Silurian  ana- 
logy, well  known  to  all  geologists  who  have  examined  the  gorge  of  the  Severn 
above  Madeley,  or  the  banks  of  the  Banw  in  North  Wales.  The  quartzoee  schists 
terminate  in  ascending  order,  with  an  inclination  of  20°  towards  the  west  or  lower 
country. 

Carboniferous  Rocks. — The  Silurian  masses  above  described  are  directly  suc- 
ceeded, and  without  any  apparent  unconformity,  by  carboniferous  strata;  thus 
showing,  that  in  this  part  of  the  Ural,  at  all  events,  no  portion  of  the  Devonian 
group  exists  (see  Map  and  Section,  PI.  V.  fig.  3).  Unable  to  trace  any  great  fault, 
or  any  decisive  unconformability  along  this  line,  we  are  disposed  to  think,  that  the 
highly  incurvated  basin  into  which  the  Silurian  rocks  are  here  thrown,  was  formed 
before  the  Carboniferous  beds  began  to  accumulate,  and  that  the  upraised  strata 
were  placed  beyond  the  influence  of  those  waters  under  which  the  true  Devonian 
beds  were  deposited. 

The  base  of  the  carboniferous  rocks,  formed  of  thick  beds  of  dark  compact 
limestone,  containing  concretions  of  chalcedonic  chert,  and  alternating  with  black 
shale,  constitutes  a  sub-formation  very  much  resembling  the  lower  mountain 
limestone  of  Northumberland,  Yorkshire,  the  Isle  of  Man,  and  the  lower  slaty 
group  of  Ireland. 

The  characteristic  fossils  of  these  lowest  beds  are,  Spirifer  expansus,  Phil,  (lawi- 
gata,  var.),  Orthis  arachnoidea  (Phil.),  Chonetes  fornicatus,  n.s.,  with  Caryophyllia 
and  Cyathophyllum ;  whilst  in  the  strata  which  immediately  succeed  to  them  is  the 
Productus  hemispharicus,  Sow.  (var.  minor.) 

This  carboniferous  limestone  is  powerfully  developed  on  the  banks  of  the  Iletsk, 
and  occupies  heights  of  500  feet  above  its  bed,  as  far  westwards  as  the  gorge  called 
Stone-gate,  where  the  rock  is  exposed  in  vertical  cliffs  of  about  200  feet  in  height, 
through  which  the  river  escapes.  The  stratification  of  these  limestones  is  often 
obscure,  and  is  chiefly  recognizable  by  lines  of  corals ;  the  beds  are  powerfully 
bent  both  to  the  east  and  west,  and  the  strike  is  persistent  from  north  to  south. 

The  chief  lithological  character  (that  of  the  mountain  limestone  of  many  parts 
of  England)  is  undistinguishable  from  what  we  have  described  in  the  previous 
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chapter  upon  the  banks  of  the  Tchussovaya  river.  Certain  bands  of  a  red  colour 
and  fissile  texture,  which  are  loaded  with  encrinites,  alone  diversify  the  mass  of 
grey  limestone  with  which  they  occasionally  alternate. 

The  dominant  fossils  of  this  upper  portion  of  the  limestone  are  corals  of  the 
genera  Qyathopkyllum,  Lithostrotion,  Syringopora  (HarmodUes  distant,  Fisch.),  with 
Productus  hemispkarricus  (minor),  P.  comoides,  var.,  and  Ortkis  arachnoidea. 

Whetstone  strata. — It  is  probable  that  the  above-mentioned  masses  represent 
the  lower  and  middle  portions  only  of  the  Carboniferous  system  of  this  Arctic 
country.  They  are,  in  fact,  overlaid  by  a  thick  series  of  argillaceous  sandy  beds, 
here  and  there  schistose,  which  in  the  vicinity  of  the  limestone  partake  of  all  its 
great  and  sudden  flexures,  and  are  perfectly  welded  on  to  it.  Further  westwards, 
their  inclination  becomes  less  and  more  regular,  their  direction  being  north-east. 
The  sandy  beds  are  made  up  of  grains  of  Lydian  stone  and  of  grey,  green  and  red 
quartz  rock,  imbedded  in  a  fine  felspathic  or  argillaceous  matrix  of  greenish-grey 
and  whitish  colour,  the  quantity  of  which  is  so  minute  that  it  cannot  be  discovered 
by  the  naked  eye.  The  siliceous  grains,  more  or  less  rounded,  are  sometimes  very 
small,  but  occasionally  so  large  as  to  form  a  conglomerate  grit.  The  prevailing 
colour  of  the  whole  rock  is  that  of  pounded  black  pepper  ;  and  it  is  divided  into 
numerous  powerful  beds,  traversed  by  joints  which  are  seldom  continuous.  Where- 
ever  these  beds  alternate  with  strong  courses  of  greyish  and  reddish  shale  (clay), 
they  are  rounded  off  into  slopes  covered  by  gravel  and  vegetation  .  and  they  pre- 
sent clear  and  good  sections  only,  where  they  are  hard  and  sandy.  Near  the  village 
of  Sariii,  the  conglomerate  courses  expand  into  a  true  "  Nagelfluhe,"  not  less 
than  twenty  feet  thick,  containing  grains  of  carbonate  of  copper.  Plants  having 
the  "  facies  "  of  the  carboniferous  flora  occur,  and  the  whole  group,  being  as  before 
said,  quite  conformable  to  the  carboniferous  limestone,  must  be  included  in  the 
same  system. 

The  section  of  the  very  symmetrical  hill  near  the  Petchora  river  (PI.  V.  fig.  2.), 
from  whence  the  whetstones  are  extracted  which  are  used  over  nearly  the  whole  of 
Russia,  establishes,  beyond  contradiction,  the  correctness  of  that  view.  The  little 
river  Sophiusa  washes  the  base  of  this  hill,  and  exposes  a  dome  of  carboniferous 
limestone,  divided  into  thin  flagstones  towards  the  base,  and  thick  beds  near  the 
summit :  on  both  sides  of  the  dome,  these  limestones  are  equably  and  conformably 
overlaid  by  shale,  and  a  pepper- coloured  whetstone  identical  with  that  of  the  Iletsk. 
The  bed  extracted  for  whetstones  does  not  exceed  three  to  four  feet  in  thickness. 
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These  whetstones  are  very  largely  developed  along  all  the  western  flanks  of  the 
Arctic  Ural.  The  river  Petchora  traverses  them  between  64°  and  65°  north  latitude, 
and  the  huge  blocks  of  grit  found  near  the  mouth  of  the  Ussa,  where  that  river 
empties  itself  into  the  Petchora,  prove  their  persistence  beyond  66°  north  latitude. 
From  its  conformable  junction  with  the  inferior  limestoue,  the  plants  which  it  con- 
tains, and  its  mineralogical  identity  with  the  grits  of  Artinsk,  before  described 
(p.  129),  we  consider  this  rock  to  be  a  true  member  of  the  Carboniferous  system ; 
and  we  unhesitatingly  distinguish  it  from  the  Permian  grits  above  the  Zechstein, 
which,  however,  we  admit  sometimes  much  resemble  it. 

The  same  succession  of  rocks  which  has  just  been  described,  extends  probably 
to  more  northern  points  of  the  Arctic  Ural,  at  least  we  have  seen  specimens  of 
slaty  schists,  grey  limestones  with  Catenipora  escharoides  (unquestionably,  there- 
fore, Silurian),  as  well  as  carboniferous  limestone  from  the  banks  of  the  river 
Ussa. 

We  may  here  request  our  readers  to  consult  the  Map,  and  remark  that  the  prin- 
cipal crest  of  the  chain  changes  its  direction  in  north  latitude  65°,  and  ranges  to 
its  termination  north-eastwards  into  the  high  mountains  of  Obdorsk,  containing 
powerful  plutonic  rocks  to  which  we  have  before  adverted,  as  having  been  ex- 
plored and  their  geographical  position  fixed  by  M.  A.  Erman.  By  reference  to 
the  map  it  will  be  seen,  that  a  ridge  of  mountains,  probably  igneous  and  metamor- 
phic,  extends  north-north-west  from  the  Obdorsk  group  towards  the  icy  sea.  It  is 
still  unknown,  however,  whether  the  meridian  and  pulseozoic  zone  of  the  chain  is 
expanded  near  that  parallel,  where  it  passes  into  the  Isle  of  Vaigatz,  or  whether  a 
particular  and  less  elevated  branch  there  extends  to  the  sea-coast ;  though,  as  before 
said,  we  are  assured  by  the  researches  of  If.  Baer,  that  the  same  rocks  are  largely 
developed  in  Nova  Zemlia. 

Mount  Sabliu. — Before  we  quit  the  consideration  of  the  Arctic  Ural,  we  may 
now  speak  of  a  small  trappjean  crest  of  no  great  longitudinal  extension,  called 
Sabliu,  which  we  found  to  range  from  between  64°  3C  and  G5°  north  latitude,  and 
perfectly  parallel  to  the  major  axis  of  the  chain.  This  ridge,  rising  to  a  height  of 
about  4000  feet  above  marshy  low  grounds,  formed  out  of  the  debris  of  the  car- 
boniferous shale  and  grits,  is  composed  of  a  porphyritic  breccia,  absolutely  undis- 
tinguishable  from  that  of  theSolominski-kamen,  near  Petrozovodsk,  on  the  borders 
of  Russian  Lapland  (see  ante,  p.  18).  Ranging  from  south  to  north  for  about 
thirty-five  versts,  the  ridge  of  Sabliu  affects  an  Alpine  form,  its  western  slopes 
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being  so  steep  that  no  turf  adheres  to  it,  whilst  the  hollows  and  clefts  near  its 
base  are  filled  with  eternal  snows.  In  summer  the  summit  is,  however,  free  from 
snow,  though  it  even  then  fringes  the  slopes  in  zones. 

In  vain  did  we  seek  on  the  face  of  this  abrupt  Arctic  mountain  for  any  traces  of 
striae  or  polishing,  though  every  torrential  streamlet  on  its  flanks  is  accompanied 
by  trainees  of  immense  angular  blocks,  all  derived  from  the  adjacent  summits ;  a 
subject,  to  the  consideration  of  which  we  shall  hereafter  revert,  when  treating  of 
the  transport  of  the  detrital  and  superficial  matter  of  Scandinavia  and  the  north  of 
Russia. 

Several  ranges  of  heights  are  seen  to  the  east  of  Mount  Sabliu,  the  nearest  of 
which  are  rounded,  whilst  the  more  distant  rocky  and  wilder  peaks  constitute  the 
real  axis  of  the  Ural,  the  dominant  mountain  of  which  in  this  latitude,  the  Tol- 
pas-is,  has  a  height  of  about  4500  feet  above  the  sea. 

The  carboniferous  grits  and  shale  on  the  flank  of  the  Ural  are  overlapped  by 
alluvial  and  incoherent  argillaceous  deposits,  the  deep  ravines  in  which  expose 
clays  occupying  excavations  in  the  older  rock,  and  containing  Belemnites  and 
other  fossils  of  Jurassic  form;  but  before  we  enter  upon  the  examination  of 
these  secondary  strata  we  must  introduce  our  readers  to  another  range  of  ele- 
vations which  plays  so  important  a  geological  part  in  the  great  basin  of  the 
Petchora. 

The  Timan  Range. — Disconnected  from  the  Ural  in  62°  north  latitude  by  the 
depression  above  mentioned,  and  in  no  part  rising  to  a  greater  altitude  than  1000 
feet  above  the  sea,  the  zone  of  elevations  called  Timan,  having  a  width  of  about 
sixty  versts,  stretches  from  south-south-east  to  north-north-west  for  a  length  of 
not  less  than  500  miles,  and  terminates  in  the  headlands  of  Svetoi-nos,  Barmin- 
mis,  Rumenishni  and  Suvoinof  upon  the  glacial  sea.  Like  the  Ural  of  the  Rus- 
sian miners,  it  forms  the  eastern  wall  or  boundary  of  all  the  Permian  deposits,  the 
limestones  and  gypsum  of  which  repose  upon  the  western  faces  of  its  carboniferous 
and  older  palaeozoic  rocks,  and  never  enter  into  the  great  depression  just  adverted 
to,  which  lies  between  this  range  and  the  Arctic  Ural.  To  the  west  of  the  Timan, 
great  masses  of  gypsum  occur  in  the  upper  portion  of  the  river  Vim,  whilst  on  the 
Ukhta  and  Vitchegda  limestones  abound,  which,  sometimes  grey  and  marly,  some- 
times oolitic,  contain  characteristic  Permian  species,  such  as  Productut  Cancrini 
and  Modiola  Pallasii. 


Viewed,  therefore,  in  its  relation  to  the  Permian  deposits,  and  its  proximity  to 
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the  Ural  Mountains,  the  Timan  range  may  almost  be  regarded  as  a  branch  of  the 
latter.  When,  however,  the  reader  casts  his  eye  over  the  Map,  he  will  perceive 
that  the  direction  of  this  line  of  mounts  coincides  rather  with  that  of  the  crystalline 
masses  of  Lapland  and  of  the  north-eastern  edge  of  the  Scandinavian  coast,  and  is 
strongly  divergent  to  the  main  axis  of  the  Ural.  But  besides  this,  none  of  the 
rocks  of  the  Timan,  whether  sedimentary  or  eruptive,  have  the  Uralian  impress. 
On  the  contrary,  they  possess  the  lithological  characters  of  the  rocks  of  Russia  in 
Europe,  and  we  therefore  conclude,  that  they  must  rather  be  regarded  as  one  of  the 
Finnish  and  Lappish  elevations,  like  those  near  Petrozovodsk.  for  example,  to 
which  we  have  previously  alluded,  than  a  trifurcating  branch  of  the  Ural. 

In  some  spots  near  the  glacial  sea,  we  have  even  seen  a  portion  of  the  Timan 
ridge  assume  the  contour  and  character  of  the  Scandinavian  rocks,  exhibiting 
rounded  and  flat  domes  of  rose-coloured  granite,  in  which  schorl  replaces  mica. 
This  rock  forms,  in  fact,  the  promontory  of  Rumdnishni-nos,  and  is  flanked  to  the 
east  by  argillaceous  schists,  which  strike  from  west  22°  north  to  east  22°  south, 
and  plunge  rapidly  towards  the  north.  The  schists  occupy  the  cape  of  Barmin-mis, 
and  are  there  pierced  by  greenstones  (diorites),  which  derange  their  dip.  Argil- 
laceous and  micaceous  schists  also  constitute  an  elevated  mural  mass  along  the 
peninsula  of  Kanin  ;  and,  according  to  M.  Ruprecht  the  botanist,  and  the  natives, 
the  same  rocks  are  prolonged  in  the  direction  of  the  Timan  range,  i.e.  fromMikul- 
kin-mis  to  Kanin-nos.  This  fact  therefore  shows,  that  in  the  parallel  extending 
from  68°  to  69°  north  latitude,  the  axis  of  this  chain  trends  more  westerly,  and 
conforms  to  the  outline  of  Russian  Lapland.  Near  the  centre  of  the  range  we  learnt, 
that  the  heights  from  whence  the  river  Vim  descends,  are  also  composed  of  similar 
schists,  and  we  saw  them  further  south,  on  the  river  Vol  and  the  Upper  Vitchegda. 
These  schists  are  either  of  a  blackish  colour,  or  of  a  ribboned-grey,  and  are 
occasionally  traversed  by  a  cleavage,  independent  of  the  lines  of  bedding,  which  are 
always  very  much  inclined.  The  great  dislocation  and  high  inclination  of  these, 
the  oldest  stratified  rocks  of  this  tract,  are  not  participated  in  by  the  next  deposit 
which  succeeds,  and  which  we  have  no  hesitation  in  considering  Upper  Silurian. 
On  the  river  Vashkina,  near  the  icy  sea,  these  rocks  (see  coloured  section,  Pl.V.)  are 
loaded  with  Pcntameri,  the  remarkable  shell  Cytkerina,  very  nearly  allied  to  the 
species  of  Gothland,  and  also  by  numerous  Upper  Silurian  corals,  such  as  Cate- 
nipora  labyrintkica,  Calamopora  alveolarh,  Stromatopora  concentrica,  &c. 

Domanik  Schists. — Other  Upper  Silurian  beds  of  a  very  peculiar  aspect  (called 
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Domanik  by  the  natives)  are  seen  on  the  banks  of  the  river  Ukhta.  These  consist 
of  black,  tender,  argillaceous  and  siliceous  schists  alternating,  which  are  saturated 
with  naphtha.  They  contain  simple  lobed  Goniatites,  long  and  slender  Orthoce- 
ratites  and  small  Cardiacea*.  the  whole  reminding  us  of  certain  dark  slaty  beds,  which 
at  Weissenbach,  in  Nassau,  have  been  shown  to  occupy  the  very  uppermost  limits 
of  the  Silurian  system  (see  Geol.  Trans,  vol.  vi.  p.  414).  Some  of  these  black, 
ilaglike  beds  arc  as  flexible  as  the  well-known  band  of  sandstone  in  the  magne- 
sian  limestone  near  Sunderland,  or  more  so  ;  and  sounding  under  the  hammer  Uke 
wood,  may  be  polished  and  carved  as  a  substitute  for  ebony.  The  fossils  are  chiefly 
found  in  small  calcareous  concretions  of  grey  colour,  which  mark  the  laminae  of 
deposit,  and  arc  entirely  free  from  the  naphtha  which  permeates  the  mass  of  the 
rock,  and  gives  to  it  a  bituminous  character. 

Devonian  Rocks  of  the  Timan. — The  "Domanik"  schists  arc  flanked  on  either  side 
of  the  range  by  red  and  greenish  sands  and  marls  completely  resembling  the  typical 
Devonian  rocks  of  the  Valdai  Hills,  and  of  the  government  of  Olonetz.  These 
rocks  play  a  most  important  part  in  this  chain ;  and  the  northern  river  Tzilma 
exposes  in  a  transverse  section,  nearly  all  the  different  beds  of  which  they  are 
composed.  Further  to  the  south,  they  are  developed  on  the  little  river  Vol, 
reposing  upon  inclined  schists.  They  there  contain  the  Terebratula  Meyendorjii, 
whilst  their  most  characteristic  fossils  are  various  remains  of  the  well-known  Ich- 
thyolites  of  the  system  common  to  the  Baltic  provinces  of  Russia  and  the  British 
Isles,  together  with  the  Spirifer  d'Archiaci  and  the  Terebratula  Livonica.  Towards 
the  base  of  the  system,  the  Orthis  striatula  and  Terebratula  prisca  abound  here,  as 
in  the  same  position  in  other  parts  of  Russia.  In  a  word,  the  whole  series  is  made 
up  of  red  and  variegated  marls,  red  and  yellow  sandstone,  with  courses  of  marly 
limestone,  whilst  gypsum  of  red  and  white  and  green  colours  is  interlaced  with  the 
other  beds  in  thin  courses,  and  is  specially  developed  on  the  banks  of  the  Pijema 
or  Pishma. 

Carboniferous  Limestone  and  Millstone  Grit  of  the  Timan. — Overlvinc  these  true 
Devonian  strata,  the  outer  flanks  of  the  Timan  present  bands  of  white  carboniferous 
limestone  containing  the  Spirifer  Mosquensis,  and  exactly  resembling  the  rocks  of 
the  same  age  at  Vitegra  and  other  places  in  Russia.  And  here  it  is  curious  to 
observe,  that  these  pure  white  Umestones  repose  at  once  on  the  Devonian  strata, 
without  the  intervention  of  any  lower  sandy  beds,  such  as  occur  in  the  Valdai  Hills 
and  to  the  south  of  Moscow. 
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On  the  coast  of  the  glacial  sea,  this  carboniferous  limestone  occupies  the  two 
capes,  on  either  side  of  the  ridge,  called  Suvoinov  and  Svetoi-nos.  The  river  Indiga 
traverses  the  carboniferous  band  on  the  eastern  flank  of  the  Timan  at  thirty-five 
versts  above  its  mouth,  and  exposes  cliffs  100  feet  high,  which  contain  thick  beds 
near  their  summits,  and  flagstones  towards  their  base.  The  river  Bielaya,  an 
affluent  of  the  Indiga,  also  exhibits  on  its  less  lofty  banks,  courses  of  limestone 
charged  with  Fusulina?,  fossils,  as  we  have  before  shown,  which  characterize  the 
upper  part  of  this  formation. 

The  same  calcareous  zone  is  also  traversed  by  the  river  Tzilma  in  north  latitude 
63£°,  and  forms  the  mountain  Stchipina.  In  this  parallel,  the  axis  of  the  ridge  is 
composed  of  Devonian  rocks,  the  carboniferous  limestone  being  seen  on  its  eastern 
side  only,  and  not  upon  the  west.  Nor  is  this  limestone  continuous,  even  on  the 
eastern  side ;  for  upon  the  river  Ijema  or  Ishma,  the  Devonian  rocks  are  at  once 
surmounted  by  Jurassic  shales.  Towards  the  southern  extremity  of  the  Timan,  the 
same  carboniferous  limestone  constitutes  the  chief  mass  of  the  range,  and  is  laid 
open  on  the  banks  of  the  rivers  Vol,  Tsher  and  Milva,  as  well  as  on  those  of  their 
recipient  the  Vitchcgda ;  and  we  believe  that  it  again  appears  in  the  form  of  an 
outlier  or  outliers  on  the  river  Soiva,  a  feeder  of  the  great  Petchora. 

The  carboniferous  system  of  these  regions  contains  another  member,  which  is 
only  to  be  seen  at  the  northernmost  extremity  of  the  Timan  range.  Such  are 
certain  whitish  grits  charged  with  pebbles  of  white  quartz,  and  therefore  resembling 
the  millstone  grit  j  like  which  they  also  contain  coal  plants.  Seeing  that  these 
beds  have  the  same  inclination  as  the  carboniferous  limestone,  we  believe  their 
geological  position  to  be  precisely  similar  to  that  of  the  millstone  grit  of  the 
Tchussovaya  (p.  126).  This  inference  cannot,  however,  be  distinctly  proved  in  the 
North  Timan,  where  they  form  the  lateral  cover  of  a  remarkable  band  of  igneous 
rock. 

Eruptive  Rocks  of  the  Timan. — The  chief  eruptive  zone  of  the  Timan  extends 
from  the  cape  Tchaitzin-mis  for  seventy  versts  towards  the  south-east,  is  from  four 
to  five  versts  broad,  and  rises  to  the  greatest  heights  of  these  latitudes,  all  of  them 
being  sharp-backed,  like  the  "  Serras  "  of  Spain.  The  rock  has,  on  the  whole, 
what  British  geologists  would  call  a  trappaean  aspect,  resembling  certain  basaltic 
rocks  of  the  Hebrides  and  the  south  coast  of  the  Isle  of  Man,  and  in  it  are  amyg- 
daloidal  masses  which  contain  Hculandite  and  Stilbite,  minerals  unknown  in  the 
rich  and  varied  crystalline  depositories  of  the  Ural  Mountains.   Usually,  however, 
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the  rock  is  more  or  less  basaltic,  of  a  dark  colour,  compact  structure,  and  con- 
choidal  fracture,  with  rare  grains  of  a  black  vitreous  mineral,  and  little  crystals 
of  Stilbite.  Numerous  veins  and  dykes  of  chalcedony  traverse  it,  and  give  rise 
to  druses  of  amethyst.  Occasionally  the  structure  is  prismatic,  and  at  other  places 
the  mass  is  regularly  stratified  in  thick  beds  traversed  by  joints.  This  eruptive 
rock  is  singularly  well  laid  open  in  the  deep  gorge  of  the  river  Bielaya,  where  it 
occupies  vertical  cliff's,  of  300  feet  in  height. 

The  carboniferous  grit,  resting  against  the  western  side  of  these  elevations  at 
different  levels,  is,  as  well  as  the  carboniferous  limestone,  inclined  towards  the 
trap,  and  might  therefore  at  first  sight  seem  to  indicate  that  though  the  basaltic 
mass  has  unquestionably  cut  through,  and  perhaps  raised  up  these  sedimentary 
rocks,  it  has  not  given  to  them  their  present  general  inclination.  But  numerous 
examples  in  the  Ural  Mountains  and  other  parts  of  the  world,  where  the  sedimen- 
tary strata  dip  inwards  towards  the  eruptive  ridges,  and  not  away  from  them, 
would  rather  lead  us  to  infer,  that  in  undergoing  a  great  vibratory  and  undulatory 
movement,  the  ends  of  the  sedimentary  strata  adjacent  to  the  eruptive  masses 
have  been  let  down  by  a  subsidence  into  cavities  occasioned  by  the  evolution  of 
much  igneous  matter,  whilst  their  other  side  has  been  tilted  up. 

Whatever  theoretical  explanation  maybe  attempted,  it  is  certain,  that  these  car- 
boniferous strata  are  highly  inclined  and  dismembered  in  the  vicinity  of  the  basal- 
tic rocks,  and  this  suffices  for  our  purpose.  The  granitic  axis  of  this  range  seems, 
indeed,  to  have  been  constituted  at  a  much  more  ancient  period,  for  it  is  flanked 
on  the  east  by  highly  inclined  slaty  schists.  These  schists  rise,  in  fact,  into  little 
discontinuous  crests  all  along  the  chain,  even  where  the  granite  is  no  longer  seen 
at  the  surface,  and  everywhere  they  are  very  highly  inclined  and  uniformly 
plunge  to  the  north-east.  The  palaeozoic  rocks  (if  this  name  be  restricted  to  those 
in  which  we  actually  discovered  organic  remains)  are  unconformable  to  these 
older  schists,  being,  indeed,  very  feebly  inclined,  and  usually  to  the  east.  For  all 
that  we  know,  the  eruption  of  the  granite  of  this  region  may  have  either  been 
confined  to  a  period  anterior  to  animal  life ;  or  the  ancient  schists  may  represent 
some  portion  of  the  Lower  Silurian  sediments,  in  which  few  or  no  creatures  were 
entombed.  But  we  will  not  attempt  to  reason  further  upon  such  negative  evi- 
dence, nor  do  we  even  desire  to  imply,  that  the  most  ancient  schists  of  the  Timan 
may  not  be  of  the  same  age  as  the  large  mass  of  the  old  gneissose  and  slaty  rocks 
of  Scandinavia.  At  all  events,  if  referred  to  the  palaeozoic  age,  it  is  almost  certain 
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that  they  must  be  of  higher  antiquity  than  the  portion  of  the  Lower  Silurian  rocks 
which  we  have  shown  to  exist  on  the  western  flanks  of  the  Arctic  Ural,  and  which 
there  succeed  conformably  to  true  Upper  Silurian  rocks. 

Jurassic  Rocks  between  the  Arctic  Ural  and  the  Timan  Range.— In  the  great  hollow 
in  the  earth's  surface  formed  by  the  elevation  of  the  rocks  which  we  have  been 
describing,  or,  in  other  words,  in  the  great  basin  between  the  Ural  and  the  Timan, 
no  other  deposits  are  visible  save  Jurassic  shales,  which  are  filled  with  many  of  the 
same  organic  remains  as  those  which  have  been  brought  to  light  in  other  parts  of 
Russia,  and  these  are  partially  overlaid  by  very  modern  marine  accumulations'. 
The  same  species  of  Belemnites,  the  same  small  Aviculae  and  the  same  Inocerami 
abound  in  the  region  inhabited  only  by  Samoycdcs,  which  we  traversed  towards  the 
mouth  of  the  Petchora ;  and  the  same  fossils  have  been  brought  by  M.  Ruprecht, 
the  botanist,  from  the  argillaceous  portions  of  the  more  northern  peninsula  called 
Kanin-nos. 

The  best  sectiop  of  these  Jurassic  beds  with  which  we  became  acquainted,  is 
exposed  on  the  banks  of  the  river  Ijema,  or  Ishma.  At  its  confluence  with  the 
Petchora,  large  masses  of  a  grey  calcareous  grit  or  sandstone,  with  a  yellowish 
surface,  and  subordinate  to  the  clays,  are  charged  with  Ammonites  and  other 
shells,  as  well  as  fossil  wood.  Beneath  these  succeed  clays  of  very  great  thickness, 
with  little  concretions  of  cement,  stone  or  argillaceous  limestone,  and  still  nearer 
the  base  is  a  shale  similar  to  that  of  Goroditche  and  Moscow,  in  which  are  inter- 
laced many  Posidonias,  the  whole  reposing  upon  Devonian  limestones.  Some 
hard  bands  in  these  Jurassic  shales,  which  we  did  not  meet  with  in  other  parts  of 
these  regions,  cause  dangerous  rapids  on  the  rivers  Ishma  and  Vim.  The  banks  of 
the  river  Sisola,  and  of  its  affluent  the  Visinga,  must,  however,  be  cited  as  good 
Jurassic  localities,  not  only  because  they  have  afforded  a  multitude  of  Oxfordian 
fossil  shells,  but  also  the  rib  of  a  great  Saurian.  Whether  this  bone  may  belong 
to  the  same  Plesiosaurus,  the  vertebra;  of  which  have  been  recently  found*  in  beds 
of  the  same  age  near  Moscow,  is  more  than  wc  can  pretend  to  determine.  We  can 
here  only  dwell  on  the  interesting  fact,  that  although  examined  for  so  very  short 

<  See  account  of  these  Jurassic  tracts,  p.  230,  and  of  the  tertiary  deposits  of  the  Petchora,  p.  332. 

'  Having  submitted  a  cast  of  one  of  these  vertebra  and  half  of  one  of  the  originals  found  by  Mr.  Freari 
to  Professor  Owen,  his  opinion  is  thus  expressed  : — '*  The  Moscow  vertebra  belong  to  the  P/mosaum 
brachyspoiidyttu  (Owen),  Keport  of  British  Association.  1839,  p.  78.  They  are  both  middle  cervicitis, 
equalling  in  sire  our  ordinary  English  specimen  from  the  Kimmeridge  and  Oxford  clays." 
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a  period,  the  Oxfordian  shales  of  Russia  have  already  afforded  Saurian  remains  on 
the  Moskwa,  the  Volga,  and  the  affluents  of  the  Petchora,  and  that  one  of  the 
forms  is  identical  with  a  British  species. 

In  concluding  this  chapter,  which  pretends  to  be  an  outline  sketch  only  of  a  newly- 
explored  region,  a  large  part  of  which  is  to  be  more  minutely  described  in  a  sepa- 
rate work,  we  beg  our  readers  specially  to  consult  the  Map,  PI.  VI.,  as  well  as  the 
coloured  sections,  PI.  V.  In  the  latter,  the  general  succession  from  the  axis  of  the 
Arctic  Ural  to  the  adjacent  low  country  on  the  west  is  explained  in  fig.  1,  whilst 
the  other  drawings  will  afford  a  general  idea  of  the  outline  and  structure  of  a 
country  never  before  examined  by  a  geologist,  and  which,  from  the  rigour  of  its 
climate,  the  nature  of  its  Zyrian  and  Samoyedc  inhabitants,  the  difficulties  of 
access,  and  the  absence  of  any  great  mineral  wealth,  may  not  for  ages  to  come  be 
visited  by  other  men  of  science. 

Among  the  important  geological  results  which  this  survey  has  contributed,  we 
dwell  with  pleasure  on  the  very  clear  development  of  Lower  Silurian  rocks  charged 
with  characteristic  fossils  near  the  axis  of  the  Arctic  Ural ;  because  amid  the  me- 
tamorphoses which  that  chain  has  undergone,  it  is  extremely  difficult  to  detect  such 
good  proofs  of  age  towards  the  central  portion  of  these  mountains.  The  evidence, 
indeed,  of  Lower  Silurian,  distinctly  underlying  true  Upper  Silurian  strata,  is  a  link 
in  the  proofs  of  succession  which  the  reader  will  have  observed  it  was  not  our 
good  fortune  to  be  able  to  detect  in  the  highly  metamorphosed  axis  of  the  North 
Ural  of  the  miners.  The  western  flanks  of  the  Arctic  Ural  have  also  been  most  useful 
in  demonstrating  the  precise  age  of  certain  grey  carboniferous  grits  (whetstones} 
which  have  a  very  great  expansion  along  the  western  outskirts  of  the  chain,  and 
are  represented  by  a  particular  tint  upon  the  Map  (3'). 

New  as  it  is  to  the  geographer,  the  Timan  range  is  not  less  interesting  to  the 
inquiring  geologist,  who  cannot  have  examined  vast  areas  of  land,  without  being 
convinced,  that  however  widely  certain  deposits  may  seem  to  be  marked  by  a  pe- 
culiar lithological  structure,  such  distinctions  are  invariably  put  an  end  to  when 
we  reach  the  ancient  boundaries  by  which  such  sediments  were  encompassed.  In 
exposing  true  Upper  Silurian  rocks  (which  we  have  shown  are  not  discoverable  in 
the  government  of  St.  Pctersburgh) ,  and  in  thereby  filling  up,  like  the  western 
Baltic  provinces  and  the  Ural,  the  full  measure  of  the  palaeozoic  rocks  of  this  con- 
tinent, the  Timan  range  also  exhibits  Devonian  and  Carboniferous  rocks,  which 
arc  identical  in  contents  with  strata  of  the  same  age  in  the  flat  regions  of  Russia, 
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whilst  they  differ  materially  from  synchronous  rocks  of  the  Ural.  This  fact  has 
led  us  naturally  to  connect  the  Timan  with  the  suhsoil  of  the  vast  low  Muscovite 
countries,  of  which  it  forms  the  north-eastern  girdle,  and  to  separate  it  from  the 
Ural,  which  in  our  language,  has  already  assumed  the  Siberian  type.  Even  the 
eruptive  rocks  of  the  Timan  are,  as  we  have  shown,  very  different  from  those  of 
the  Ural,  and  much  more  accordant  with  those  of  Scandinavia,  with  the  eastern 
flanks  of  which  country  the  range  seems  to  be  in  intimate  connection. 

The  survey  of  the  Petchora  has  further  determined  the  exact  north-eastern 
limits  of  the  enormous  basin  of  Permian  deposits,  whilst  an  examination  of  the 
flanks  of  the  Ural  or  the  Timan  have  equally  shown  us,  that  though  pertaining  to 
the  same  series  of  palaeozoic  life,  the  Permian  strata  must  unquestionably  be 
distinguished  from  the  old  and  altered  rocks  of  the  Ural,  out  of  which  they  have, 
indeed,  been  formed,  and  to  which  they  are  usually  unconformable.  In  that 
phenomenon  alone  then  we  see  the  proof,  that  certain  groups  of  animals  have  not 
always  been  obliterated  by  the  powerful  local  changes,  which  have  separated  one 
deposit  from  another. 


Digitized  by  Google 


CHAPTER  XVIII. 


SOUTH  URAL. 


(MAPS,  PL.  VI.  AND  VII.,  AND  COLOURED  SECTION,  PL.TI)  MV.; 


Introduction. — Eastern  Flanks  of  the  Chain  between  the  North  Ural  of  the  Miners  and 
the  South  Ural  of  the  Bashkirs,  or  between  the  river  Issetz  and  the  Zavod  of  Kish- 
tymsk. — From  Kishtymsk  and  Mount  Sugomak  by  Soimanofski  Zavod  to  Zlatoust. — 
Zlatoust,  Taganai  and  environs. — Tract  extending  westwards  to  Simsk. — Trans- 
verse Section  across  the  Chain,  from  the  Paleozoic  Strata  of  Pristan  and  the 
river  Ai  on  the  west,  through  the  dolomitic  and  trapptran  rocks  of  Satkinsk,  across 
the  Ural  Tau,  to  the  highly  crystalline  and  Metamorphic  Rocks  of  Zlatoust  and 
Miask  upon  the  east. — Tracts  south  of  Miask. — Environs  and  Section  of  Cossatchi. 
datchi. — Granitic  Steppes  between  the  Ural  and  Troitsk  in  Siberia. — Eastern  edges 
of  the  Ural  from  Verch-UraUk  to  Orsk.— Transverse  Section  from  Orsk  to  Oren- 
burg.— Oblique  Section  of  the  Chain  from  near  Orenburg,  by  Preobrajensk  and  over 
thelrendyk  to  Verch-Uralsk.— Transverse  Section  of  the  Chain  from  I'erch-UraUk 
on  the  east  to  Sterlitamak  on  the  west. — Concluding  Observations  on  the  original 
Structure  of  the  Ural  Mountains  and  the  Changes  they  have  undergone ;  on  the 
inversion  of  the  Strata  and  their  direction  in  different  parts  of  the  Chain. 

The  Southern  Ural  of  the  geographer  may  he  said  to  he  divided  from  the  North 
Ural  of  the  miners,  in  the  parallel  which  the  Russians  have  selected  as  the  limit 
between  the  governments  of  Perm  and  Orenburg '.  To  the  south  of  this  boundary 
vegetation  becomes  richer,  and  fine  streams  flow  longitudinally  between  important 
ridges,  which  expanding  in  their  range  southwards  and  south-westwards,  finally 
occupy  a  region  of  considerable  width.  Light  and  running  waters  have  access  to 
beauteous  glades,  which,  peopled  by  picturesquely-clad  Bashkirs,  cheer  the  sight  of 
the  traveller,  who  contrasts  them  with  the  gloomy  and  unpeopled  thickets  of  the 
north.  The  Southern  Ural  is  also  distinguished  by  having  its  chief  peaks  upon  the 

'  In  the  time  of  Pallas  a  great  part  of  the  region  described  in  thia  chapter  »u  the  government  of 

Uttttk,  »ir.c?  abolisLcd,  and  now  dirided  between  Perm  and  Orenburg. 
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western  side  of  the  watershed,  whilst  in  the  North  Ural,  as  already  shown,  they 
rise  up  on  its  eastern  Hunk.  Thus  in  the  tracts  we  are  about  to  consider,  the 
Taganai,  Iremel,  Yatnantau  and  other  great  elevations,  lie  to  the  west,  whilst  in 
those  previously  described,  the  Katchkanar,  Pavdinski  and  Konshakofski-kamen, 
are  upon  the  eastern  slope  of  the  axis,  or  "divortia  aquarura."  We  here  speak 
merely  of  the  lines  of  greatest  altitude,  for  upon  inspecting  the  Map  it  will  be  seen, 
that  in  a  geological  sense,  many  of  the  igneous  rocks  preserve  their  meridian  di- 
rection, and  occupy  very  nearly  the  same  parallels  of  longitude,  whatever  may  be 
their  height. 

The  chief  physical  distinction,  however,  of  the  South  Ural  is,  that  unlike  the 
North  Ural,  which  has  one  dominant  ridge  only  (see  Map,  PI.  VII.),  it  is  composed 
of  many  bands,  which,  proceeding  from  the  mountain  Yurma,  gradually  open  out 
fan-wise,  and  are  divergent.  For  whilst  the  Ilmen  Hills  on  one  line,  and  the  Kyrkty 
or  Krykty  and  Irendyk  upon  another  (the  two  latter  forming  a  sharp  "  serra,"  which 
represents  the  chief  water-shed),  trend  upon  the  whole,  from  north  to  south  ;  other 
and  loftier  ranges  proceed  from  the  Yurma,  Taganai  and  Urenga  on  the  north- 
east, and  swelling  out  on  the  western  flanks  of  the  lofty  Iremel',  expand  into  a 
successiou  of  ridges,  which  trending  from  north-north-east  to  south-south-west, 
are  watered  and  traversed  by  the  rivers  Inzer,  Nugush  and  Bielaya,  all  tributaries 
of  the  Kama  and  the  Volga.  It  is  this  south-western  portion  of  the  chain  which 
has  met  with  the  least  attention  from  geographers  and  geologists,  and  in  referring 
to  our  Map,  on  which  many  new  features  are  inserted,  we  shall  in  the  sequel 
endeavour  to  point  out  the  structure  of  some  of  these  embranchments.  Before, 
however,  we  enter  upon  the  description  of  such  portion  of  these  southern  mountains 
as  we  visited,  we  must  say  a  few  words  concerning  an  intermediate  tract  on  the 
eastern  flank  of  the  chain  between  Ekaterinburg  and  the  South  Ural  properly  so 
called. 

Eastern  Flank  of  the  Ural  south  of  Ekaterinburg.— The  portion  of  the  chain  which 
lies  immediately  to  the  south  of  Ekaterinburg  is  of  slight  altitude,  and  is  com- 

'  The  knot  of  higher  mountains  around  Iremel,  or  Eremell,  the  geographical  features  of  which  have 
been  ju«t  described  in  detail  by  M.  J.  Khanikoff  (Journal  of  the  Royal  Geographical  Society,  vol.  xiii.), 
is  not,  of  course,  included  in  the  allusion  to  accessible  and  picturesque  districts.  Hclmcrscn  and  Hoffman 
have  explained  the  structure  of  the  highest  peaks  in  this  nigged  Alpine  tract,  which,  as  ia  the  Taganai 
and  Ural-tau  of  Zlataittt,  consist  for  the  most  part  of  quartz  rocks,  with  passages  into  micaceous 
•chists,  &c. 
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posed  of  crystalline  rocks,  6ome  of  which  have  been  already  alluded  to,  and  others 
have  been  described  by  Humboldt  and  Rose.  Believiug  that  a  tract  in  which  the 
copper  mines  of  Gumachefsk  and  Polefsk,  so  well  known  for  their  imbedded 
minerals,  including  marbles,  veinstones,  &c,  could  afford  few  or  no  traces  of 
organic  life,  we  did  not  examine  it,  but  deflected  from  the  chain  to  make  the  sec- 
tion on  the  Issetz,  already  described,  and  did  not  regain  the  mountain  slopes  till 
we  reached  the  environs  of  Kishtymsk  '. 

Quitting  the  Issetsk  and  the  little  oasis  of  Silurian  rock  at  Crasnoi-glasnova 
(p.  364),  we  bent  our  steps  obliquely  towards  the  eastern  slope  of  the  Ural.  For  a 
considerable  space  around  Crasnoi-glasnova  the  surface  is  occupied  by  rich  black 
earth,  the  "  tchornozem  "  of  the  Russians,  of  which  we  shall  treat  hereafter,  men- 
tioning it  in  this  place  only,  in  order  to  note,  that  we  are  unacquainted  with  any 
such  deposits  on  the  flanks  of  the  Northern  Ural.  In  this  tract  is  also  situated  the 
brackish  lake  of  Shablish,  which  having  scarcely  any  outlet,  may  possibly  derive 
its  saline  properties  from  springs  flowing  through  subjacent  rocks.  We  perceived, 
indeed,  another  geological  feature  in  the  neighbourhood  of  this  lake,  which  led  us 
to  infer,  that  saliferous  deposits,  similar  to  some  of  those  of  Russia  in  Europe, 
might  exist  beneath  the  superficial  covering  of  black  earth  and  local  detritus. 
Being  informed  by  the  peasants,  that  gypsum  occurred  in  a  little  mount  about 
twenty-five  versts  south-east  from  Bagariatsk,  we  travelled  from  that  place  to  ex- 
amine it.  Passing  by  the  lake  and  village  of  Ognova,  in  a  flat  country  covered  by 
black  earth,  wc  found  the  gypsum  exposed  in  a  gentle  rise  on  the  right  bank  of  the 
river  Sinara,  and  not  far  distant  from  its  junction  with  the  Sinera.  Though  the 
quarry  had  not  been  worked  for  fifteen  years,  the  open  cuttings  were  still  sufficiently 
visible,  and  a  section  of  about  thirty  feet  deep  plainly  exposed  courses  of  thinly 

1  WliiUt  two  of  us,  Mr.  Murchison  and  M.  de  Verncuil,  were  thus  employed  upon  its  eastern  flank. 
Count  Keyserling  repassed  the  Ural  to  Sergiefsk,  and  descended  the  streams  to  the  banks  of  the  Ufa, 
thereby  ascertaining  the  junctions  between  the  older  palaeozoic  rocks  and  the  grits  of  Artinsk  (see  ante, 
p.  1'28).  After  these  independent  explorations  we  again  met  at  Zlatoust,  whenee,  after  some  conjoined 
explorations,  M.  de  Verncuil  and  Count  Kcyscrling  passed  from  the  Ai  to  Satkinsk,  Simsk.  Ufa  and 
Orenburg.  From  Zlataiist  Mr.  Murchison  again  took  the  Asiatic  side,  and,  accompanied  by  Lieutenant 
Kokaharof,  rc- crossed  to  Miask  and  Uie  Ilmcn  Hills,  examined  the  auriferous  tracts  there  and  at  Cossatchi- 
datchi,  from  whence  he  traversed  the  steppe  to  Troitsk,  and  thence  regained  the  Ural  river,  following  it 
to  Orsk  and  Orenburg.  Afterwards,  in  company  with  M.  de  Vemeuil,  he  made  sections  across  the  chain 
from  Orenburg  to  Vereh-Uralsk.  and  from  that  place  to  Sterlitamak,  whilst  Count  Keyserling  traversed 
the  Kirghis  steppe  by  Mount  Bogdo,  &c. 
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foliated,  red  and  grey  gypsum,  subordinate  to  red  sandy  clay ;  the  whole  dipping 
slightly  to  the  south-east.  In  the  bed  of  the  adjacent  stream  we  found  fragments 
of  a  reddish-coloured  brccciated  limestone  and  of  eruptive  rocks,  but  could  not 
connect  them  with  the  gypseous  mount ;  nor  did  we  discover  any  organic  remains 
by  which  we  could  satisfactorily  determine  its  geological  age.  On  the  western 
flanks  of  the  Ural,  the  Permian  strata  are,  as  we  have  shown,  the  great  depositories 
of  gypsum  ;  but  could  we,  from  the  mere  presence  of  that  mineral  in  red  earth 
infer,  that  this  isolated  patch, — the  only  one  so  characterized  along  the  eastern 
side  of  the  chain — is  of  the  same  age  ?  Certainly  not,  because  there  is  no  vestige 
of  the  Permian  rocks  on  the  Siberian  side  of  the  Ural,  and  we,  therefore,  consider 
that  this  gypseous  mount  must  either  be  a  portion  of  the  older  palaeozoic  rocks 
(Devonian  for  example)  which  abound  in  these  territories,  or  an  accumulation  of 
tertiary  age,  like  that  of  Kaltchcdansk,  formed  out  of  the  detritus  of  pre-existing 
formations  (p.  366).  At  Bagariatsk,  indeed,  we  met  with  a  very  instructive  sec- 
tion, in  which  for  nearly  a  mile,  highly  inclined  beds  of  red  and  green  schists  (on 
the  banks  of  an  affluent  of  the  Sinara)  alternated  with  red  and  greenish  coarse 
conglomerate  and  grit,  the  whole  differing  only  from  the  Old  Red  Sandstone  of 
Scotland,  in  containing  a  few  courses  of  impure  limestone.  On  the  west,  or  up 
the  stream,  these  rocks  pass  into  highly  altered  amorphous  chcrty  limestone ;  and 
on  the  east  or  down  the  river,  into  black  schists,  grey  grits  and  limestone  contain- 
ing large  carboniferous  Producti  and  other  fossils.  Seeing,  therefore,  that  the 
tract  (as  well  as  that  of  the  adjacent  Issetz)  does  contain  rocks,  which,  rising  from 
beneath  the  carboniferous  limestone,  must  be  considered  of  Devonian  age,  we  are 
disposed  to  think,  that  just  as  at  Starai-sol  near  Novogorod,  such  beds  may  con- 
tain the  elements  from  whence  the  saline  character  of  the  Shablish  lake  has  been 
derived,  and  that  like  the  gypsiferous  strata  of  similar  age  in  Livonia,  they  may 
contain  gypsum  ;  the  hummock  on  the  Sinara  being  either  part  of  them,  or  having 
been  derived  from  their  destruction  during  the  tertiary  epoch.  We  had  now  com- 
pletely satisfied  ourselves,  both  by  following  the  Issetz  to  Kaltchedansk,  and  by 
examining  the  Sinera  and  its  affluents,  that  palaeozoic  rocks,  pierced  at  intervals  by 
plutonic  matter,  constitute  the  subsoil  of  the  low  plateaux,  which  descend  from  the 
mountain  slopes  to  the  great  Siberian  plains. 

In  approaching  the  Ural  (at  a  few  versts  to  the  east  of  Kanevsk),  we  observed 
that  granite  again  usurps  the  surface.  This  is  a  southern  prolongation  of  one  of 
the  bands  of  Bimilar  rock  near  Ekaterinburg,  like  which  it  splits  into  flagstones, 
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which  when  laid  down  here  for  use  are  sometimes  three  to  four  yards  square  and 
three  or  four  inches  only  thick.  When  treating  presently  of  similar  rocks  near 
Miu-k  we  shall  discuss  the  question  of  their  origin. 

Travelling  over  another  low  and  undulating  country  of  black  earth  to  the  west 
of  Kanevsk,  we  traversed  the  most  northerly  of  the  grounds  now  frequented  by  the 
Bashkirs  and  reached  the  Zavod  of  Kaslinsk '.  From  Kaslinsk  to  Kishtymsk  the 
road  coasts,  as  it  were,  the  very  edge  of  the  Ural  ridge,  passing  through  woodlands 
and  by  a  succession  of  lakes.  In  fact,  we  journeyed  somewhat  obliquely  over  a 
succession  of  dwarfish  ridges,  thirty  to  100  feet  high,  each  in  itself  a  crystalline 
mountain  in  miniature,  and  all  perfectly  parallel  to  the  main  crest.  If  the  chief 
heights  of  the  Ural  be  compared  to  highly  agitated  billows,  these  little  flanking 
ridges  may  be  likened  to  the  last  expiring  waves  which  have  derived  their  form 
and  structure  from  the  same  causes  of  disturbance.  We  found  them  to  be,  in  fact, 
the  smaller  lateral  folds  of  highly  metamorphic  rocks,  whose  surfaces,  uncovered 
by  a  single  block  and  in  many  parts  swept  clean  of  all  gravel  and  sand,  were 
thoroughly  exposed.  Some  of  them  are  so  micaceous  that  they  might  pass  for  pri- 
mary mica  schist ;  others  may  almost  claim  to  be  associated  with  gneiss,  and  with 
them  are  associated  the  dominant  chloritic  and  quartzose  rocks  of  these  regions. 
Though  both  eastern  and  western  dips  prevailed  in  the  outer  folds,  a  western  incli- 
nation is  most  common  in  the  masses  nearest  to  the  mountains,  indicating  an  in- 
version or  reversal  of  the  strata, — a  phenomenon  often  observed  on  both  sides  of 
this  chain,  and  other  great  linear  eruptions.  In  short,  we  had  beneath  our  feet 
miniature  mountains,  which  a  few  years  ago  any  geologist  would  have  termed  pri- 
mary, but  which  (and  we  shall  soon  adduce  additional  proofs  to  those  derived  from 
the  North  Ural)  we  cannot  but  consider  as  metamorphosed  palaeozoic  strata,  or 
masses  so  associated  with  them,  that  we  know  not  how  to  separate  them,  in  any 
classification  founded  upon  the  age  or  succession  of  rocks. 

The  Zavod  of  Kishtymsk  is  placed  amid  the  lower  folds  of  these  metamorphic 
rocks  and  on  the  edge  of  a  picturesque  lake,  just  where  the  eruptive  rocks  rise  out 
in  great  and  striking  masses  from  beneath,  and  explain,  as  in  other  places  already 
cited,  the  cause  of  so  much  alteration. 

•  In  approaching  Kaslinsk  oar  horses  were  brought  to  ■  stand- still  at  the  edge  of  a  wood  in  which  the 
Bashkirs  of  the  environs  had  pitched  their  summer  tents.  The  sun  was  setting  behind  the  Ural  Moun- 
tains and  gilding  the  tents  of  these  poor  hut  joyous  people,  who,  after  regaling  us  with  their  "kumiss"  or 
mare's  milk,  furnished  us  with  fresh  horses  from  their  extensive  herd. 
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The  prominent  mountain,  which  here  forms  a  striking  counterfort  of  the  Ural, 
is  called  Sugomac.  On  ascending  it  we  were  amply  repaid,  both  by  finding  the 
structure  of  its  flanks  and  summit  most  instructive,  and  also  by  enjoying  a  most 
remarkable  prospect.  Between  the  Zavod  and  Sugomac,  bosses  of  greenstone,  for 
the  most  part  quite  a  hornblende  rock,  throw  off  gneissose  mica  schists,  and  in 
ascending  the  bill  we  met  with  protuberances  of  syenite  ;  whilst  higher  up  and  in 
the  deep  recesses  of  the  woods,  limestone  constitutes  isolated  masses,  in  the  altered 
condition  of  white  marble,  with  large  crevices  and  fissures,  one  of  which  constitutes 
a  cavern,  said  to  be  300  feet  in  length. 

The  summit  of  Sugomac  consists  of  a  rock1,  which,  like  some  of  those  alluded 
to  near  Ekaterinburg,  almost  defies  mineral  classification.  It  is  irregularly  schis- 
tose and  chloritir,  but  at  the  same  time  contains  hornblende.  It  is,  therefore, 
either  an  intrusive  or  an  original  depositary  rock  so  much  transfused  by  igneous 
matter  that  the  distinction  can  scarcely  be  drawn.  From  this  peak  the  panoramic- 
prospect  is  very  striking.  To  the  west  is  a  vast  rolling  surface  of  mountains,  made 
up  of  ridges  separated  from  each  other  by  dark  depressions,  and  all,  with  the  ex- 
ception of  the  distant  stony  crest  or  "  Ural  Tau,"  covered  with  the  densest  forest  j 
in  short  a  primaeval  woodland,  similar  to  that  seen  from  the  Katchkanar  (p.  392), 
but  differing  in  offering  a  more  wavy  outline.  On  the  east,  Siberia  lies  absolutely 
at  your  feet,  and  minor  inequalities  of  the  surface  being  merged,  looks  like  one  vast 
plain.  The  lake  and  Zavod  of  Kishtymsk,  with  rich  meadows  around  them,  are  in 
the  middle  ground,  and  the  distance  is  composed  of  a  woody  and  partially  pastoral 
tract  inhabited  by  Bashkirs,  in  which,  as  we  were  informed,  at  least  a  hundred 
lakes  exist,  ninety  of  which  belong  to  the  proprietor  of  Kishtymsk.  Some  of  these 
are  represented  in  the  opposite  landscape,  which  we  offer  as  one  of  the  most  striking 
"  peeps  into  Siberia"  which  we  met  with  on  the  eastern  flank  of  the  chain*. 

1  Sugomac  may  be  considered  the  southern  prolongation  of  the  ridge  which  lie*  between  the  iron 
mines  of  L'foleisk  and  the  Zavod  of  Kaslinsk,  a  tract  formerly  described  by  Hermann  (Mineral.  Reiscn  in 
Sibirien,  1783),  and  which  consists  of  clay-date  and  mica  schist,  with  syenite  and  granite.  It  is  also  a 
tract  (particularly  between  Kishtymsk  and  Sysscrdt).  in  which,  according  to  Rose,  chromate  of  iron 
abounds,  occasionally  apiwaring  in  layers  or  intercalated  with  serpentine.  (See  Rose's  Analysis  of  the 
Rhodochromate  found  with  the  chromate  of  iron.)  Talc  schists,  greenstone,  with  albite  and  cyanite,  also 
occur  here,  and  probably  the  rare  mineral  Uvarovite.  (Rose's  Reise,  vol.  ii.  p.  158  to  160.) 

Though  the  gold  mines  in  the  neighbourhood  of  Kishtymsk  were  ririted  by  Baron  Humboldt  and  his 
party,  it  appears  from  M.  Rose1*  narrative  that  bad  weather  prevented  their  seeing  or  ascending  Mount 

«  The  Zavod  of  Kishtymsk  belongs  to  the  Zuboff  family,  whose  agent,  M.  Petrof,  received  us  with  great 
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Soimanofski  Zavod,  8fC.  Sfc. — After  travelling  along  the  flank  of  the  chain  for 
some  distance  to  the  south  of  Kishtytmk  amid  the  woodlands,  lakes,  &c.  seen  in  the 
preceding  sketch,  we  followed  the  new  road  by  Soimanofski  Zavod  to  Zlataust  (see 
Map).  We  thus  necessarily  effected  what  was  much  to  be  desired,  viz.  both  a 
longitudinal  and  transverse  section  of  the  chain  itself,  in  tracts  where  its  structure 
is  exceedingly  diversified.  The  first  traverse,  or  that  in  the  parallel  of  Soimanofsk, 
exposed  in  succession  ridges  like  those  of  which  Sugomac  id  the  type,  and  in 
which  limestones  and  serpentines  also  abound,  together  with  decisive  eruptive 
rocks,  and  altered  quartz  rocks,  &c.  Further  on,  and  to  the  west  of  the  Zavod 
of  Soimanofsk,  large  masses  of  auriferous  alluvia  encumber  the  surface  and  in- 
clined edges  of  the  subjacent  and  regularly  stratified  limestone,  which  enters  quite 
into  the  heart  of  the  chain1.  The  great  point  of  interest  to  be  now  adverted  to  is, 
that  after  following  the  beautiful  pastoral  and  upland  valley  of  the  river  Miass,  with 
the  granitic  ridge  of  the  Ilmen-tau  on  the  east  and  the  higher  eruptive  and  ineta- 
morphic  chain  of  the  Ural-tau  on  the  west ;  i.  e.  when  fairly  encased  between  two 
great  parallels  of  eruption,  we  discovered  Encrinites  in  pure  white  saccharoid  lime- 
stone. So  highly  altered  is  the  rock,  that  we  could  still  less  believe  our  eyes, 
than  when  many  years  ago  in  the  Austrian  Alps,  with  Professor  Sedgwick,  we 
discovered  similar  organic  remains  in  the  chloritic,  primarized  limestone  in  the 
Tauern  Alp.  (Geol.  Trans.,  vol.  Hi.  p.  306.)  This  limestone  being  precisely  on 
the  strike  of  the  masses  on  the  mountain  of  Sugomac  and  at  Soimanofsk,  left  no 
option  but  that  of  admitting,  that  the  associated  stratified  masses,  however  crystal- 
line they  may  now  appear,  were  once  quartzosc  sandstones  and  greywacke,  formed 
under  the  sea  at  a  period  when  palaeozoic  life  prevailed. 

The  great  transverse  section  across  the  whole  chain  in  the  parallel  of  Zlataust, 
which  will  be  presently  described,  strikingly  illustrates  this  point  and  demonstrates, 
how  invariably  the  altered  character  of  the  rocks  and  the  presence  of  mineral  veins, 
with  bunches  of  simple  minerals,  are  connected  with  and  dependent  upon  the  erup- 
tion of  igneous  matter. 

Group  of  Mountains  around  Zlataiut  from  whence  radiate  the  ridges  of  the 
South  Ural.— We  had  now  passed  along  the  flank  of  the  Jurma  (see  Map),  and 

kindne«a.  He  presented  u»  with  a  very  remarkable  ore  of  iron  from  the  mine  of  Yura*am»koi,  wen  of 
Schatinak,  which  if  in  part*  made  up  of  fibre*  nearly  aa  fine  aa  the  filaments  of  aebcatos.  The  Zavodn 
around  Kiahtymak  produce  250,000  pooda  of  iron  and  aerenteen  pooda  of  gold  per  annum. 


'  The  gold  alluvia  and  their  relation,  to  theae  aubjacent  rock,  will  be  aubacqucntly  eiplained. 


THE  TAGANAI  MOUNTAIN.— ZLATAUST. 
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were  already  in  the  knot  of  mountains  from  whence  the  South  Ural,  properly  so 
called,  begins,  and  where  the  striking  contrasts  with  the  North  Ural,  alluded  to  at 
the  head  of  this  Chapter,  may  be  said  to  commence.  It  is  here  that  separate 
ridges  of  marked  and  mountainous  characters  set  on,  such  as  the  Urenga  and  the 
Tagauai  on  the  west,  the  Ural-tau  in  the  centre,  and  the  Ilmen  hills  upon  the  east. 
Here  it  is  also  that  the  rivers  Miass  and  Ai,  gliding  in  depressions  through  the 
central  portion  of  the  chain,  escape  into  the  adjacent  lower  countries,  the  former 
by  the  Zavod  of  Miask  to  Asia,  the  latter  by  Zlataust  to  Europe'.  Availing  them- 
selves of  the  water  of  the  Ai,  just  where  that  stream  issues  from  the  higher  mountains, 
the  Russians  judiciously  fixed  their  chief  establishment  of  Zlataust  upon  its  banks. 
This  very  flourishing  place  is  thus  situated  in  a  romantic  valley  on  the  western 
side  of  the  watershed  of  the  Ural,  at  the  foot  of  the  Urenga,  and  a  little  to  the 
south-west  of  the  Taganai.  The  latter,  the  most  striking  mountain  of  the  tract, 
rises  boldly  from  the  well-watered  vale  into  three  summits,  which  have  acquired 
for  it  in  the  Bashkir  language  the  name  of  "  tripod  of  the  moon."  The  highest 
of  these  summits  has  been  estimated  by  M.  Kupffer  at  3521  English  feet,  and  by 
Colonel  Helmersen  at  3592  English  feet  above  the  sea. 

1  Zlataust  i»  the  Birmingham  and  Sheffield  of  the  Ural,  and  exhibiting  high  progress  in  the  arts  and  a 
well-organized  community,  is  one  of  the  brightest  spots  in  the  Russian  empire.  Wc  very  much  regret  that 
the  nature  of  our  work  does  not  permit  us  to  speak  at  length  of  the  superior  manufacture  of  steel  which 
has  so  distinguished  Zlataust  since  the  Zarod  has  been  directed  by  that  skilful  metallurgist  and  excellent 
administrator  General  Anosoff,  whose  damasked  scimitar*  and  ornamental  steel  works  excel  everything  of 
like  nature  with  which  we  are  acquainted.  On  this  point,  indeed,  we  willingly  refer  to  Captain  James 
Abbot  of  the  Honourable  East  India  Company  "s  Artillery,  a  traveller  well-versed  in  the  processes  of  pro- 
paring  steel  in  the  East.  "  The  general  fault  of  European  blades  (says  he)  is,  that  being  forged  of  shear- 
steel  for  the  sake  of  elasticity,  they  are  scarcely  susceptible  of  the  keen  edge  which  cast-steel  will  assume. 
The  genius  of  Anosoff  has  triumphed  over  this  objection,  not  in  hardening  the  soft  steel,  but  in  giving 
elasticity  to  the  hard ;  and  it  may  be  doubted  whether  any  fabric  in  the  world  can  compete  with  that 
of  Zlataust  in  the  production  of  weapons  combining  in  an  equal  degree  edge  and  elasticity." — Narrative 
of  a  Journey  from  Hermit  to  Khivak,  Moieew  and  Pelersbvrgh.  voL  ii.  Appendix,  p.  87.  The  exquisitely 
damasked  daggers  and  a  sword  which  we  received  on  the  spot  from  the  General,  fully  sustain  the  truth 
of  this  eulogy,  and  a  plateau  of  burnished  steel,  richly  ornamented  and  diversified  with  gold  relievi,  since 
forwarded  to  Mr.  Murcbison  by  the  Imperial  Administration  of  Mines,  has  excited  much  admiration  in 
England.  We  found  in  General  Anosoff  and  his  amiable  family,  as  well  as  in  the  various  officers  of  the 
Imperial  Mines  (who  are  all  attached  to  him  in  heart  is  well  as  by  duty),  the  truest  and  most  serviceable 
friend,  and  we  took  leave  of  him  with  sorrow.  Attended  by  Major  IJssenko,  who  had  prepared  a  mineral 
map  of  the  region.  General  Anosoff  accompanied  u*  in  two  excursions,  and  insisted  on  travelling  with 
Mr.  Murchiaon  across  the  Ural  to  Miask  and  the  gold  mines  south  of  that  place,  ascending  by  the  way 
the  Ural-tau.  We  have  spelt  Zlataust  as  it  is  pronounced ;  the  German  orthoepy  of  it  is  Slatoust  (see 
Map  of  the  Environs,  Ro»e,  vol.  ii.  pL  5.). 
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Having  ascended  the  Taganai,  we  found  it  to  be  composed  of  quartz  rock,  evi- 
dently of  inetamorphic  origin,  for  in  some  parts  the  stone  is  seen  to  pass  through 
distinctly  stratified  beds  into  grit  and  conglomerate,  whilst  in  others  it  is  so  highly 
crystalline  as  even  to  assume  the  characters  of  avanturine.  Rising  up  from  amidst 
masses  of  micaceous  and  chloritic  schists,  and  surrounded  by  granitic  and  other 
igneous  rocks  which  are  laid  bare  at  lower  levels,  the  Taganai  is,  in  truth,  iden- 
tical in  structure  with  the  adjacent  Ural-tau,  of  which  it  must  be  considered  a 
western  counterfort,  though  considerably  higher  than  the  true  watershed  of  the 
mountains. 

The  Urenga  is  a  great  crystalline  mass  of  micaceous  and  chloritic  schist,  which 
contaius  dykes  and  bands  of  quartz,  and  is  traversed  at  many  points  by  greenstone 
dykes,  and  is  also,  we  believe,  metamorphic.  The  Nazimskaya-gora,  to  the  north 
of  Zlataust,  which  rises  to  near  2300  feet  above  the  sea,  may  be  considered  a 
prolongation  of  the  Urenga.  From  the  eastern  side  of  this  mountain  we  took  the 
opposite  view  of  the  Taganai,  which  thus  appears  as  a  short  but  lofty,  isolated, 
ridge  surrounded  by  dense  woods. 

On  the  western  flank  of  the  Nazimskaya-gora  we  collected  some  beautiful  minerals 
from  a  point  of  rock  which  had  been  recently  laid  open  by  order  of  General 
Anosoff".  At  this  spot  the  matrix  is  a  chlorite  schist  with  some  limestone,  pene- 
trated in  a  very  irregular  manner  by  points  of  greenstone,  the  calcareous  matter 
being  usually  in  the  form  of  spar,  and  the  greater  number  of  the  simple  minerals 
being  found  between  it  and  the  face  of  the  intrusive  rock.  Among  these  minerals 
was  the  newly-discovered  repidolite,  together  with  garnets,  crystallized  talc,  &c. 
Wherever  the  rocks  are  exposed,  immediately  to  the  north  or  south  of  Zlataust,  or 
in  the  gorges  to  the  west  of  it,  they  are  seen  to  consist  either  of  amorphous  masses, 
like  those  just  mentioned,  or  of  regularly  stratified  micaceous  and  chloritic  schists 
and  quartz  rock,  with  which  are  associated  intrusive  greenstones,  often,  to  a  great 
extent,  assuming  the  form  of  beds  and  dipping  with  the  strata. 

Western  Dependencies  of  the  Mountains  between  Zlataust  and  Simsk. — Before  we 
describe  our  general  section  across  the  chain  in  the  parallel  of  Zlataust  and  Miask, 
we  beg  to  give  a  brief  sketch  of  the  succession  from  the  crystalline  centre  of  which 
we  have  just  been  speaking,  to  the  western  edge  of  all  the  rocky  region  near  Simsk. 
The  crystalline  and  metamorphic  ridges  of  Taganai  and  Urenga,  with  a  subsidiary 
limestone  at  Kuvashi,  are  flanked  by  a  basin-shaped  mass  of  schistose  calcareous 
deposits,  of  which  the  limestone  of  Kussinsk  is  the  fullest  type.    These  we  are 
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disposed  to  consider  of  Upper  Silurian  age,  for  reasons  which  will  be  given  in  ex- 
plaining the  transverse  section,  PI.  III.  fig.  1.  The  country  which  we  would  now 
describe,  is  that  which  lies  to  the  south  and  west  of  the  Zavod  of  Satkinsk,  and 
is  made  of  various  ridges  of  palaeozoic  rock*,  watered  by  the  rivers  Juriusen  or 
Yurczen  and  Sim,  and  their  affluents.  Satkinsk,  by  which  place  our  chief  section 
passes,  is  distinguished  by  its  black  dolomites  and  contiguous  greenstones  ;  the 
two  rocks  being  in  contact.  At  eight  versts  to  the  south  of  Satkinsk  is  Mount 
Makarofka,  composed  of  greenstone  at  its  summit,  and  flanked  by  slaty,  argil- 
laceous schists,  which  strike  about  north-north-east,  south-south-west,  or  to  the 
east  of  north1.  This  mount,  and  that  of  Ballindisha,  the  summits  of  which  consist 
of  immense  masses  of  quartz  rock,  form  a  little  ridge  extending  from  north-north- 
east to  south-south- west,  and  parallel  to  a  higher  ridge  on  the  west  called  Silkia, 
also  composed  of  quartz  rock  ;  the  valley  between  them  being  occupied  by  lime- 
stone and  iron  mines.  Still  further  to  the  south-south-west,  the  easternmost  of 
these  brunches  assumes  the  name  of  the  Tchuida,  also  composed  of  quartz  rock,  as 
well  as  the  loftier  Zigalga  (see  Map,  PI.  VII.),  which  runs  parallel  to  it  on  the  cast. 
The  valley  between  these  ridges,  or  that  of  the  Bulanka,  which  we  traversed,  is 
made  of  clay-slate,  which  having  a  north-north-easterly  strike,  has  a  dip  of  35°  to 
40°  to  the  east-south-east.  With  the  expansion  of  this  valley,  an  argillaceous  and 
fissile  limestone  is  developed  (at  Perevanchina,  fifteen  versts  east  of  Yuryusensk), 
which  clearly  forms  a  part  of  the  schistose  and  quartzose  rocks  in  which  it  is  inter- 
calated, and  with  whose  bearing  to  the  north-north-east  it  entirely  coincides :  the 
beds  of  this  limestone  are  all  inclined  eastwards  at  various  angles  from  KX5  and 
15°  to  near  vertically. 

Flanked  on  the  east  by  a  ridge  of  slaty  schist,  the  little  town  of  Yuryusensk  is 
situated  in  a  picturesque  longitudinal  valley,  ornamented,  like  all  the  Uralian 
forges,  with  a  Zavod  lake,  the  north-western  banks  of  which  consist  of  abrupt 
faces  of  limestone,  in  which  we  detected  Stromatopora  concentrica,  with  Terebra- 
tulae,  in  beds  passing  downwards  into  dolomites ;  the  whole  dipping  to  the  east- 
south-east,  and  therefore  under  the  more  ancient  slaty  schists  and  quartz  rocks 

1  A  very  productive  iron  mine  (brown  oxide  ?),  which  supplies  the  forges  of  Yuryusensk,  Simsk  and  Ust 
Kataersk,  occurs  at  rkkalski.  The  mining  stuff  is  traversed  by  a  highly  inclined  hand  of  siliceous  grit  or 
quartz  rock  dipping  to  the  north-west,  and  the  surface  is  covered  with  clay  and  saud.  This  iron  ore  is 
probably  of  the  same  age  as  that  which  is  found  in  the  clefts  and  in  the  interstices  of  all  the  palaeozoic  rocks 
on  both  flanks  of  the  chain,  and  is  evidently  an  aqueous  deposit  of  much  more  recent  date  than  the  mag- 
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before  mentioned.  We  believe  that  this  slaty,  quartzose  and  occasionally  cal- 
careous series,  which  is,  in  fact,  repeated  by  upheavals  and  repetitions  to  the  very 
heart  and  highest  members  of  the  chain, — the  lofty  Iremel  itself  being  but  a  meta- 
morphosed grit  and  sandstone  in  the  form  of  quarts  rock, — represents  the  great 
mass  of  the  Silurian  system,  and  chiefly  its  lower  portion. 

To  the  west,  however,  of  Yuryusensk  the  natural  features  of  the  country  change, 
the  sharp  and  arid  ridges  of  quartz  rock  and  slaty  schist  disappear,  a9  well  as  the 
eruptive  rocks,  and  are  succeeded  by  limestones,  sandstones  and  shale.  The  strata 
exposed  between  Yuryusensk  and  Ust  Kataevsk,  consist  of  limestones,  both  thick, 
thin-bedded  and  concretionary,  occasionally  dolomitic,  sometimes  in  the  state  of 
marble,  of  red  as  well  as  grey  colours,  with  subordinate  grits,  conglomerates  and 
schists'.  Throughout  this  succession  of  calcareous  beds,  we  could  discover  a  few 
corals  only,  but  in  a  limestone  valley  at  Ust  Kataevsk  we  met  with  a  Spirifer, 
identical  with  one  with  which  we  were  familiar  in  the  unquestionable  Devonian 
beds  of  Voroneje  on  the  Don  (see  p.  b*0),  and  which  we  have  named  S.  Anossoji, 
in  honour  of  our  esteemed  friend  the  Director  of  the  mines  of  Zlataust.  Here,  then, 
we  had  a  true  horizon,  which  was  soon  shown  to  be  correct ;  for  in  a  few  versts  to 
the  west  of  this  spot  carboniferous  limestone  succeeds.  It  is  important  to  remark, 
that  whilst  throughout  the  whole  of  the  slaty,  quartzose  and  older  calcareous 
groups  of  which  we  have  been  speaking,  and  which  we  class  as  Silurian,  the  strata 
invariably  plunge  to  the  east  or  south  of  east  (the  younger  portion  of  these  rocks 
thus  unquestionably  dipping  under  the  more  ancient),  no  sooner  are  we  removed 
at  a  certain  distance  from  the  great  convulsions  which  the  chain  has  undergone, 
than  all  such  inversion  ceases.  At  Ust  Kataevsk,  where  the  surface  is  only  gently 
undulated,  the  beds  regain,  in  fact,  their  normal  position,  and  the  Devonian  lime- 
stone, which  to  the  east  is  inverted,  dips  steadily  to  the  west-north- west,  and  is 
naturally  overlaid  by  the  carboniferous  group.  These  rocks,  whether  in  the  form 
of  limestone,  grit  or  calcareous  flagstone,  are  well  seen  at  Yakina  and  Eraol  ;  the 
former  six,  the  latter  fourteen  versts  west  of  Ust  Kataevsk,  and  in  it  we  collected 
the  well-known  Productus  strialus  (Fisch.),  (P.  Valdaicus),  with  other  fossils.  In 
travelling  from  Eraol  to  Simsk,  the  road  first  passes  over  a  low  hill  called  the 
Eraolski  Gora,  the  eastern  flank  of  which  is  remarkable  in  this  region,  so  void  of 
all  coarse  detritus,  by  being  covered  with  rolled  and  rounded  fragments  of  syenite, 

1  The  chief  elevation  in  thit  calcareous  tract  is  called  Mount  Solimnn.  the  body  or  flanks  of  which 
consist  of  limestone,  though  the  summit  is  a  grit.  i 
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quartz  rock  and  other  crystalline  materials  derived  from  the  adjacent  hills  upon 
the  east  and  north-east.  The  summit,  however,  (a  plateau  from  whence  the  Iremel 
and  higher  mountains  of  the  chain  are  well  seen,)  is  composed  of  limestone  and 
sandstone  in  nearly  horizontal  masses,  impressions  of  Catamites  and  other  plants 
heing  visible  in  the  latter.  The  Carboniferous  system  occupies,  in  fact,  a  fine 
breadth  of  country  in  this  parallel,  extending  to  about  thirty  versts  west  of  the 
flourishing  Zavod  of  Simsk,  where  it  is  finally  overlapped  by  the  gypseous  red 
rocks  of  the  Permian  system  which  surround  the  city  of  Ufa.  Void  of  all  traces  of 
detritus  derived  from  the  chain,  and  apparently  beyond  the  region  of  dislocation, 
Simsk  is  very  remarkable  in  exhibiting  picturesque  and  broken  masses  of  the 
carboniferous  limestone,  which  surrounding  a  circular  lake,  dip  in  various  direc- 
tions. In  fact,  the  strike  in  one  point  where  we  observed  it,  is  from  west  to  east, 
or  athwart  the  direction  of  the  very  same  formation  a  little  to  the  cast.  Such  par- 
tial aberrations  and  eccentric  breaks  must  be  looked  for  in  the  outermost  folds  of 
a  great  series  of  mountain  flexures,  near  their  line  of  froutier  with  another  group  of 
deposits  By  reference  to  the  Map  it  will  be  seen,  that  Simsk  is  probably  upon 
one  of  those  flanking  lines  of  dislocation  parallel  to  that  singular  line  of  erup- 
tion which  traversing  the  Inser  is  marked  by  a  long  south-south-westerly  bend  of 
the  Bielaya.  It  is  upon  this  latter  line  that  the  remarkable  outliers  of  carboniferous 
limestone  north  and  south  of  Sterlitamak,  before  described,  p.  130,  have  been  up- 
heaved to  the  consideration  of  which  we  shall  hereafter  return.  Among  the  fossils 
at  Simsk  we  may  enumerate  Productus  Martini,  P.  semireticulalus  (Mart.),  Spiri/n 
lineatus  (Mart.),  all  well-known  Derbyshire  and  British  species. 

General  Section  across  the  Chain  in  the  parallel  of  Zlalaiist  and  Miask. — The  co- 
loured section,  PI.  III.  fig.  1,  will  best  explain  the  highly  diversified  character  of 
this  chain,  which,  so  crystalline  in  its  central  parts,  tells  off  in  a  remarkably  cleat- 
manner  on  its  western  flank  the  original  nature  of  those  palaeozoic  deposits  which 
have  been  sufficiently  removed  from  the  great  centre  of  mineralization.  On  this  oc- 
casion, reversing  the  method  employed  in  explaining  the  succession  from  Zlataiist 
to  Simsk,  we  will  describe  the  deposits  as  they  succeed  each  other  from  the  low 
country  on  the  west,  across  the  mountains  to  the  low  plateaux  of  Siberia  on  the  east. 

On  the  banks  of  the  little  river  Kiga  (an  affluent  of  the  Ai)  sandstones  and  grits 
occupy  the  low  country,  and  constitute,  as  at  Artinsk  and  other  places  where  we 
have  before  described  them,  a  wide  trough  in  the  carboniferous  limestone  on  which 
they  repose  (see  Map).    To  the  west  they  are  succeeded  by  true  carboniferous 
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limestone  with  its  usual  fossils,  that  rising  out  from  beneath  them  is  itself  under- 
laid by  calcareous  and  quartzosc  masses  which,  as  developed  at  Alina,  we  believe 
to  be  of  Devonian  age.  The  next  group,  extending  from  thence  to  Pristan,  is 
unquestionably  Upper  Silurian,  for  we  found  in  it  Pcntnmerus  Bashkiricus,  Favorites 
(iothlnndira,  and  Stromatopora  concvntrica.  To  the  east  of  Pristan,  a  great  convo- 
lution is  followed  by  a  break,  and  schistose  and  quartzosc  rocks  with  some  green- 
stone are  thrown  over  with  a  reversed  dip.  Wc  consider  these  rocks,  extending 
from  Silkia  to  Satkinsk,  to  be  Lower  Silurian,  because  although  we  did  not  detect 
in  them  any  characteristic  organic  remains,  they  possess  the  original  elements  of 
rocks  of  that  age  and  contain  at  intervals  courses  of  limestone,  as  already  explained 
in  the  traverse  to  Yuryusensk.  Knowing,  as  we  do,  from  the  sections  of  the  Arctic 
Ural,  that  unquestionable  Lower  Silurian  rocks  exist  in  this  chain,  it  is  a  fair 
inference  that  these  quartzose  and  schistose  grauwackes,  which  here  succeed  to 
true  Upper  Silurian,  are  also  of  that  older  age.  In  continuing  the  section,  to 
Satkinsk  and  to  the  east  of  it,  we  find  that  the  rocks  in  question  arc  there  over- 
laid by  copious  calcareous  masses,  often  in  the  form  of  black  dolomite,  which  lie 
in  a  trough,  associated  with  much  greenstone  and  trap.  Near  the  eastern  limit  of 
this  trough  is  the  Zavod  of  Kussinsk,  where  crystals  of  talc  abound  in  the  schist, 
and  thus  indicate  an  approach  to  the  zone  of  high  metamorphism. 

The  banks  of  the  Ai,  however,  near  this  place  expose  fine  cliffs  of  limestone, 
which,  though  we  could  discern  nothing  but  Encrinitcs  in  them,  we  suspect  to  be 
of  Upper  Silurian  age.  The  lower  beds  are  thin  flagstones,  the  middle  beds  are 
thick,  exhibiting  a  singular  concretionary  structure  and  remarkable  undulations  in 
the  joints  ,  whilst  rounded  elliptical  forms,  as  if  derived  from  large  obliterated 
fossils,  Pentameri?,  protrude  at  intervals  from  the  surface.  The  uppermost  beds  are 
thin-bedded  like  the  lower,  of  red,  green  and  yellow  colours,  and  have  a  hard  schis- 
tose aspect.  The  associated  shales  are  changed  into  finely  laminated,  hard  p.rgillo- 
calcareous  schists,  which  are  occasionally  welded  together  into  compact  rocks,  with 
gaping  breaks  transverse  to  the  lamination,  the  whole  formation  having  a  strongly 
altered  aspect. 

These  rocks  constitute  the  external  fringe  of  the  still  more  highly  metamor- 
phosed masses,  which  occupying  all  the  region  around  Zlataust,  have  before  been 
alluded  to.  Between  the  Zavods  of  Kussinsk  and  Zlataust,  other  bands  of  altered 
limestone  with  quartzose  grits  occur  at  Kuvashi,  associated  with  greenstone  and 
micaceous  schist,  which  has  been  converted  into  Lydian  stone.    As  in  many  other 
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places,  both  on  the  east  and  west  flank  of  the  chain,  the  strata  arc  here  inverted, 
and,  instead  of  dipping  away  from  the  geographical  crest,  plunge  directly  under  it, 
the  inclination  of  the  limestones  near  Kussinsk,  in  like  manner  with  those  of  Yuryu- 
sensk  (p.  430),  being  from  30°  to  45°  to  the  cast  and  south-east. 

By  following  the  older  palaeozoic  rocks  from  their  external  zone,  as  they  fold 
over  in  the  saddles  and  troughs  described  in  this  section,  to  the  environs  of  Zla- 
taiist,  we  see  how  they  become  more  and  more  crystalline  and  dislocated  as  they 
approach  the  axis  of  the  chain.  The  crystalline  and  mineralized  axis  is  of  con- 
siderable breadth  in  this  parallel,  and  may  be  said  to  extend  from  some  versts  west 
of  Zlataiist,  to  the  eastern  flank  of  the  Ilmcn  Hills  beyond  Miask.  Let  us  there- 
fore continue  the  section  across  it  (PI.  III.  f.  1.) 

The  ridges  of  the  hill  called  Kossalur,  immediately  to  the  east  of  Zlataiist, 
consist  of  mica  schist,  with  garnets,  and  here,  as  atTurinsk  near  Bogoslofsk,  these 
crystals  appear  in  strata  which  have  been  penetrated  by  greenstone  and  trapprean 
rocks.  These  beds  also  dip  to  the  south-east,  and  pass  upwards  into  quartz  rock. 
In  fact,  we  have  in  this  last  phenomenon,  though  in  the  valley  and  in  miniature, 
exactly  what  we  had  found  to  be  the  succession  upon  a  large  scale  in  the  Taganai. 
Having  traversed  the  marshy  valley  of  the  streamlet  Jesma,  the  micaceous  and 
quartzose  rocks  reappear  in  little  hummocks  (Tismunski),  the  depressions  in  which 
are  filled  with  ores  of  iron.  On  the  banks  of  a  little  stream  called  Tchomaya  (Black- 
water),  coarse-grained  granite  with  occasional  beryl  appears.  Near  this  point, 
where  the  ascent  of  the  Ural-tau  commences,  a  thin-bedded  sandy  limestone  occurs, 
dipping  slightly  to  the  west.  This  rock,  from  its  structure  evidently  of  palaeozoic 
age,  presents  a  singular  lithological  aspect,  in  having  its  lamina;  transfused  with 
hornblende.  Micaceous  schist,  with  great  bands  of  quartz  rock,  rises  out  from  the 
flank  of  this  limestone,  and  constitutes  the  crest  or  watershed  called  the  Ural-tau. 
If  the  traveller  does  not  quit  the  road,  which  naturally  passes  in  one  of  the  depres- 
sions, little  exceeding  900  feet  above  the  lake  of  Miask,  he  can  scarcely  form  any 
conception  of  the  true  nature  of  the  ridge,  but  guided  by  General  An6soflf  and 
Major  Lissenko,  we  ascended  the  jagged  peaks  in  the  forest  (600  to  700  feet  higher), 
which  lie  a  short  distance  to  the  north  of  the  road.  The  very  form  of  these  rocks, 
as  represented  in  the  drawing,  facing  the  title-page  of  this  work,  might  lead  to  the 
belief,  that  they  are  simply  vertical  or  highly  inclined  strata  in  a  very  mctamorphic 
condition,  and  on  examining  them  such  proved  to  be  the  case.  Immense  heaps  of 
debris  of  jointed  quartz  rock,  necessarily  presenting  sharp  angles  and  edges,  form 
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a  long,  rugged  talus.  In  these  the  original  structure  of  sandstone,  grit,  and  even 
conglomerate,  is  clearly  discernible,  though  the  whole  mass  has  been  transformed 
from  its  original  condition  into  crystalline  quartz  rock,  of  whitish  and  pink 
colours,  occasionally,  indeed,  with  flakes  of  mica,  and  passing  into  the  rock  called 
avanturine1.  In  other  masses  the  forms,  and  even  colours  of  the  pebbles  and 
coarser  grains  of  sand  are  quite  visible,  as  well  as  the  planes  and  joints  of  the  beds. 
Some  fine  serrated  masses  of  this  rock,  which  have  resisted  atmospheric  degrada- 
tion, arc  still  in  situ,  and  constitute  the  peak  (Uralskaya  sopka)  represented  in  the 
drawing  which  forms  the  frontispiece*.  The  openings  between  these  masses 
frequently  indicate  the  faces  of  the  beds,  which  here,  as  in  the  Taganai,  are  very 
highly  inclined  (70°  to  80°  t,  and  produce  a  broken  and  serrated  outline. 

In  descending  from  the  Ural-tau  to  the  drainage  of  the  Miass,  bosses  of  red- 
coloured  granite  are  soon  seen  protruding,  occasionally  in  veins,  through  the  adja- 
cent mica  schist,  and  extending  to  the  village  of  Syrostan.  The  highly  altered 
condition  of  the  rocks  which  form  the  Ural  tau  is  therefore  well  explained;  for 
they  are,  in  truth,  encased  like  a  wedge  between  two  zones  of  plutonic  eruption, 
and  the  very  peaks  of  the  watershed  are  seen  to  be  merely  metamorphosed  grit 
and  conglomerate-  At  the  village  of  Syrostan  an  intrusive  junction  is  observed 
between  the  granite  and  mica  schist,  where  the  latter  rock,  usually  finely  lami- 
nated, is  more  massive  and  compact  as  it  approaches  the  point  of  contact.  The 
mica  schist  is  succeeded  by  limestone,  which  followed  on  its  strike  a  little  to  the 
north  of  this  spot,  is,  as  before  said,  a  highly  saccharoid  and  white  marble,  con- 
taining Encrinites,  and  thus  we  get  another  independent  proof  of  the  sedimentary 
origin  of  all  these  stratified  masses.  From  this  point  to  Miask,  the  tract  may  be 
termed  the  metalliferous  or  auriferous  zone.  It  is  made  up,  as  will  be  seen  by 
reference  to  the  coloured  section,  of  much  serpentine  with  hornblende  slates  and 

1  The  Siberian  variety  of  avanturine  had  never  been  seen  in  England  in  a  great  polished  mass,  until 
Hi*  Imperial  Majesty  presented  a  magnificent  vase  of  it  to  Mr.  Murcbuon.  That  beautiful  ornament, 
and  tLe  porphyry  column  on  which  it  stands,  were  extracted  from  the  hills  of  Bieiorctsk  and  Korgon,  a 
dependence  of  the  Altai  Mountains.  They  were  polished  at  the  Siberian  works  of  Kolyvan.  in  the 
distant  Government  of  Tomsk. 

•  When  the  Grand  Duke  Alexander,  the  heir  to  the  crown  of  all  the  Russias,  visited  this  part  of  the 
Ural,  His  Imperial  Highness  attained  the  summit  of  these  peaks,  about  2500  feet  above  the  sea.  the  last 
500  or  GOO  feet  being  very  difficult  of  access.  We  followed  his  example,  and  with  one  foot  dangling  in 
Asia  and  the  other  in  Europe,  sang  the  national  anthem,  of  "  Long  live  the  Emperor"  (sec  Lithograph 
opposite  Title-page,  and  the  inscription  on  the  summit,  which  records  the  Imperial  visit). 
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chluritic  quartzose  schists.  At  the  spot  called  Listvenaya-gora,  or  the  Larch  Hill, 
limestone  occurs  in  a  hrecciated  condition,  associated  with  chlorite  schist,  and 
pierced  by  points  of  greenstone,  the  upland  depressions  being  filled  with  local 
detritus  from  which  gold  has  been  extracted.  Then  follow  argillaceous  schists,  in 
which  are  auriferous  quartzose  veins'.  The  remainder  of  the  section  to  Mi  ask 
exhibits  a  highly  broken  series  ;  a  mass  of  thin-bedded  limestone  being  thrown  up 
at  one  point  by  a  fault  against  mica  schist ;  at  another  place,  a  peculiar  garnet 
rock  enveloped  in  serpentine,  has  been  termed  by  M.  Rose  "  Dichter  or  Derben 
granat,"  or  compact  garnet.  M.  G.  Rose  has  given  a  woodcut  representing  this 
rock  as  being  inclosed  between  walls  of  serpentine*.  The  serpentine  of  this  spot, 
which,  according  to  that  author,  contains  diallage,  appeared  to  us  to  act  the 
part  of  an  eruptive  rock,  and  to  have  caught  up  a  mass  of  grauwacke,  which  is 
highly  mineralized  ;  in  short,  the  compact  garnet  rock  of  Rose,  which  he  has  so 
accurately  analysed,  appeared  to  us  to  be  nothing  more  than  a  crystallized  sedi- 
mentary mass.  Among  the  less  altered  strata  which  follow  are  conglomerate 
and  grauwacke  schist,  with  an  imperfect  slaty  cleavage,  dipping  sharp  to  the  east, 
and  these  are  succeeded  by  greenstone  and  serpentine,  the  latter  inclosing  a  mass 
of  that  peculiar  rock  the  Listvanite  of  Rose,  which,  with  its  flakes  of  talc  and  dis- 
seminated iron,  may  be  considered  a  sort  of  dolomite. 

Flanked  on  the  west  by  a  valley  of  argillaceous  schist  with  quartz  veins,  in  which 
the  river  Miass  flows,  the  tract  immediately  to  the  east  of  the  Zavod  of  Miask  is 
chiefly  remarkable,  in  exposing  the  granitiform  ridges  constituting  the  little  and 
great  Ilmen  hills,  which  inclose  a  small  lake.  By  the  ordinary  observer,  the  chief 
rock  on  the  western  flank  of  these  hills  would  be  pronounced  gneissose  or  flag- 
like granite,  resembling  varieties  of  which  we  have  previously  spoken.  In  the 
upper  and  southern  suburbs  of  the  Zavod,  the  rock  appeared  to  us  to  dip  at  a 
moderate  angle  from  the  side  of  the  hill,  and  to  be  affected  by  regular  joints,  similar, 
in  short,  to  that  which  we  have  mentioned  at  Kanevsk  and  Ekaterinburg.  Baron 
Humboldt  has  very  clearly  pointed  out  the  distinctions  between  stratified  gra- 
nites (of  Siberia  and  South  America)  and  gneiss ;  for  though  the  former,  often 
sloping  down  declivities,  are  regularly  stratified,  in  beds  of  equable  thickness,  just 
like  those  of  any  sedimentary  deposit,  the  great  traveller  has  convinced  himself  that 

'  These  vein*  of  gold  "  in  ritu"  were  formerly  worked,  but  have  been  abandoned  ;  all  the  gold  now 
produced  in  the  environs  of  Miask  being  extracted  from  superficial  detritus  (sec  next  Chapter). 

«  RcUe,  vol.ii.  p.  9!». 


436 


BEDDED  GRANITE,  MIASCITE  AND  MINERALS  OF  MIASK. 


the  phenomenon  is  due  to  the  manner  in  which  the  igneous  matter  flowed,  cooled 
and  became  solidified1.  Whatever,  therefore,  may  be  the  mineral  distinctions  in  the 
granitiform  rocks  which  compose  the  western  slopes  of  the  Ilmen  Hills  near  Miask, 
and  however  much  they  may  have  a  stratified  character,  we  believe  that  they  are  all 
of  igneous  origin.  But  why  should  we  not  meet  with  granite  as  regularly  strati- 
fied as  the  greenstone  and  basalt  of  former  epochs,  or  as  the  lava  of  modern  times, 
all  of  which  are  common  phenomena?  In  illustrating  the  borders  of  England  and 
Wales,  or  the  region  of  Siluria,  wc  have,  indeed,  ourselves  described  several  tracts 
(Llandrindod  in  Radnorshire,  and  Shelve  in  Shropshire,  &c.)  where  thin-bedded 
crystalline  rocks,  having  a  true  igneous  matrix,  not  only  alternate  conformably 
with  ordinary  sedimentary  strata,  but  have  even  enveloped  the  marine  remains  of 
the  period *.  The  largest  portion  of  North  Wales,  as  Professor  Sedgwick  has  so  well 
shown"1,  is,  indeed,  made  up  of  such  alternations,  on  a  very  grand  scale,  of  Lower 
Silurian  strata  with  porphyries.  Beds  similar  to  the  "  schaalstein  "  of  the  Lahn 
in  Nassau,  which  prevail  in  several  places  along  the  eastern  flank  of  the  Ural,  are, 
in  fact,  but  one  of  the  terms  in  a  scries  of  igneously-formed  strata,  which  are  linked 
on  to  sedimentary  deposits,  whilst  their  opposite  extreme  is  developed  in  the  flaglike 
granites  and  syenites  of  which  we  are  here  speaking.  These  rocks  are  succeeded 
on  the  east  by  great  masses  of  granite,  which  have  usurped  so  large  a  portion  of  the 
surface  in  the  adjacent  parts  of  Siberia,  and  of  whose  extension  to  the  south  we 
shall  speak  hereafter. 

We  do  not  profess  to  enter  upon  a  description  of  the  many  beautiful  and  curious 
minerals,  now  well-known  to  collectors,  which  have  been  obtained  from  these  hills 
of  Miask,  but  referring  to  the  work  of  M.  G.  Rose,  we  will  merely  announce,  that 
all  the  finest  of  these  (zircon,  black  mica  in  large  plates,  green  felspar  in  enor- 
mous crystals,  albite,  elaolite,  sodalite,  cancrinite,  apatite,  ilmenite,  titanium  of 
iron,  pyrochlore,  hornblende,  beryl,  topaz,  garnet,  &c.)  are  found  either  in  beds, 
veins,  or  nests  of  the  granitic  ridge  of  the  llmen.  Masses  of  the  rock  with  which 
some  of  the  above  minerals  were  associated,  and  which  dip  south-west  from  the 
sides  of  the  greater  Ilmen,  and  which  appeared  to  us  nothing  more  than  flaglikc 

<  See  Humboldt's  description  of  these  granites,  Asie  Centrale,  vol.  i.  p.  295  rtseq.,  and  Relat.  Histo- 
rique,  t.  xi.  pp.58,  84.  99  and  405  ;  t.  iii.  p.  250.  Dr.  M'Culloch  has  also  described  certain  granites  of 
Aberdeenshire  as  apparently  stratified,  though  he  viewed  them  only  as  "  examples  of  laminar  disposition." 
(Syst.  of  Geol.,  vol.  ii.  p.  94.) 

•  Silurian  System,  pp.  269,  325  et  teq.  •  Proc.  Geol.  Soc„  vol.  iii. 
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stratified  granite,  forming  the  external  coating  of  the  hill,  have,  under  the  critical 
examination  of  M.  Rose,  been  distinguished  by  the  new  name  of  "  miascite," — a 
rock  in  which,  in  addition  to  white  felspar  and  black  mica,  the  place  of  the  quartz 
is  taken  by  "  elaolite',"  a  mineral  having  a  strong  resemblance  to  quartz.  All 
these  rocks,  which  show  passages  from  granite  to  syenite,  and  the  "  wcisstcin"  of 
the  Germans,  are,  we  repeat,  to  be  considered  of  plutonic  origin  ;  and  of  this,  indeed, 
M  Rose  has  afforded  an  independent  proof,  by  showing  that  a  mass  of  highly 
altered,  granular  limestone  is  singularly  caught  up  and  enveloped  by  them,  on 
the  summit  of  the  Ilmen  ridge,  and  is  impregnated  with  apatite  and  other  simple 
minerals*. 

Eastern  Flanks  of  the  Ural  between  Mlask  and  Verch- Uralsk.— Included  between 
the  granitic  and  eruptive  zone  of  the  Ilmen  Hills  ou  the  east,  and  the  chief  ridge  or 
Ural-tau  on  the  west,  is  included  the  prolongation  of  that  metalliferous  zone  which 
has  been  just  partially  alluded  to.  This  tract,  watered  by  the  river  Miass,  as  it  flows 
from  south  to  north,  is  an  undulating  broad  valley  of  rich  pasture  land,  diversified 
on  its  western  flank  by  the  granitic  hills  of  Tchaskofski,  a  southern  embankment  of 
the  Ilmen  Hills,  and  on  the  west  by  the  eruptive  greenstones,  greenstone  porphyries 
and  serpentine  which  have  burst  through  the  schists  and  other  stratified  deposits. 
It  is  very  metalliferous,  particularly  on  its  western  and  southern  portions,  which 
we  shall  afterwards  describe,  in  reference  to  its  alluvial  and  auriferous  detritus. 
In  the  mean  time  we  shall  merely  state,  that  at  seven  versts  to  the  south  of  Miask 
we  met  with  a  hard  Encrinite  limestone,  on  the  banks  of  the  stream,  in  which  it  was 
difficult  to  discover  a  persistent  strike,  though  the  beds  upon  the  whole,  range 
from  north  to  south.  At  this  spot,  the  eruptive  rocks  being  less  protruded,  the 
fossiliferous  limestone  occupies  a  broader  oasis  than  usual  in  the  South  Ural ;  but 
in  following  the  river  towards  its  sources,  the  calcareous  matter  disappears,  and  the 
surface  is  for  the  most  part  re-occupied  by  various  igneous  rocks,  which  rise  up  in 
conical  forms  around  the  lake  Aushkul.  The  opposite  sketch  is  offered  to  convey 
an  idea  of  the  prevailing  forms  of  the  ground  in  the  rich  metalliferous  tract  arouud 
this  lake.  The  rock  in  the  foreground,  on  which  we  stood,  is  a  compound  of 
diallage  and  serpentine,  and  is  to  some  extent  magnetic  ;  the  most  striking  of  the 
conical  mounts  on  the  hill  of  Aushkul  (or  holy  mount  of  the  Bashkirs),  which  rises 
to  about  800  English  feet  above  the  lake",  being  composed,  together  with  the  lesser 

1  Rose,  Rcise  nach  dem  Ural,  pp.  1 7,  98.  *  Rose,  vol.  ii.  p.  69  et  *eq. 

'  Kupffer,  Voyage  dan*  l'Oural. 
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conical  hills  between  it  and  the  adjacent  village,  of  similar  eruptive  serpentinous 
masses,  with  greenstone,  porphyry,  &c.  The  wooded  ridge  seen  beyond  the  coni- 
cal hills  is  called  Narili,  and  the  Ui-tash  in  the  distance  is  a  part  of.  the  Ural-tau, 
or  watershed  of  the  chain '. 

Referring  to  M.  Rose  for  a  copious  detail  of  all  the  varieties  of  rocks  and  minerals 
of  this  neighbourhood,  in  which  copper  as  well  as  gold  mines  abound,  we  merely 
dwell  upon  the  facts,  that  here,  as  in  all  the  other  Uralian  tracts  on  the  eastern  side 
of  the  mountain  axis,  serpentinous  rocks  abound  and  are  associated  with  limestone, 
usually  in  a  highly  altered  state,  though  occasionally  containing  Encrinitea ;  that 
red  and  other  coloured  jaspers  occur,  in  contact  with  the  bands  of  greenstone  por- 
phyry, together  with  a  sort  of  slaty  calcareous  conglomerate,  penetrated  by  augite 
crystals ;  and  that  whilst  such  phenomena  with  veins  and  masses  of  copper  ore 
and  auriferous  alluvia  are  abundant,  the  eastern  granitic  ridges  extending  from  the 
Ilmen,  also  contain  bands  of  limestone,  associated  with  micaceous  and  chloritic 
schists,  copper  ores  and  numerous  simple  minerals. 

From  these  facts  we  infer,  that  the  whole  of  this  part  of  the  country  originally 
consisted  of  a  series  of  sedimentary  schists,  limestones,  sandstones  and  conglome- 
rates, which  by  the  linear  outburst  of  varied  eruptive  matter,  have  been  left  in  their 
prcscnt  highly  mineralized  condition*. 

Quitting  for  the  present  the  beautiful  valleys  about  the  lake  Aushkul,  as  rich  in 
vegetable  as  in  auriferous  soil,  the  reader  must  now  accompany  us  over  verdant 
tracts,  across  the  Kumatch  and  a  few  other  trappsean  ridges,  which  alternate  with 
altered  schists,  to  Kashaievo,  on  the  outer  flank  of  the  chain,  and  thence  traversing 
the  great  road  from  Miask  to  Vcrch-Uralsk,  pass  into  another  golden  valley,  or  that 
of  Cossatchi-datchi. 

Cosmtchi-  or  Kazatchi-datchi  (the  Cossack-ground). — At  this  spot  we  were  already, 
as  the  name  implies,  on  that  frontier  of  Russia  which  is  bounded  by  the  wild 
Kirghis,  against  whom  outposts  or  forts  occupied  by  Cossacks  were  established, 

1  Sec  detailed  map  of  this  tract.  Rose,  toI.  ii.  Tab.  V. 

■  Among  the  mineral  substance*  which  occur,  we  must,  however,  say  a  word  upon  the  chromate  of 
iron,  which,  according  to  M.  Kosc  and  M.  Kupffcr,  is  sometimes  found  in  serpentine  associated  with  mag- 
netic iron.  We  did  not  vis-it  the  mines  of  chromate  of  iron,  but  they  are  Baid  to  be  so  prolific,  parti- 
cularly at  one  spot  dependent  on  the  Polakofsk  Zuvod,  and  on  the  eastern  slope  of  the  Ural-tau,  that 
not  less  than  20.000  poods,  as  we  were  informed,  had  been  annually  transported  to  Moscow.  The  use 
of  this  substance  in  manufactures  is  well  known,  and  a  manufacturer  of  Manchester  has  recently  been 
induced  to  import  the  Uralian  chromate,  in  consequence  of  a  notice  of  its  occurrence  made  by  Mr.  Mur- 
chison  during  the  meeting  of  the  British  Asaociation  held  at  that  town  in  1842. 
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before  the  line  was  extended  southwards  and  eastwards,  as  at  the  present  day1.  If, 
whilst  in  the  heart  of  the  met  amorphic  rocks  of  the  Ural,  we  could  recognise  but 
feeble  indications  of  animal  forms  in  strata  which  once  must  have  been  charged 
with  them,  we  rejoiced,  on  arriving  in  this  little  eastern  tract,  to  find  that  it  was 
one  of  the  very  richest  of  the  palaeozoic  oases  which  had  been  spared  from  the 
devastation  of  ancient  geological  records,  caused  by  the  numerous  outbursts  of 
igneous  matter  in  these  regions.    Even  here,  indeed,  the  little  "  preserve"  we 
are  about  to  describe,  is  absolutely  surrounded  by  eruptive  rocks.    On  the  west 
rises  a  sharp  ridge  of  greenstone,  serpentine,  &c,  which  may  be  considered  a 
southern  prolongation  of  the  Kumatsh,  which  extends  north-eastwards  to  Miask, 
whilst  on  the  east  are  rounded  trappa?an  hills  of  compact  felspar  rock.  Near  to  the 
former  is  a  lower  hill  called  Serbaifsk,  composed  of  schist  with  quartz  veins,  and 
below  it,  under  the  streamlet  Schertim,  are  established  works  for  gold  washings,  of 
which  hereafter.    For  a  few  hundred  paces  to  the  east  of  this  establishment  is  an 
alluvial  plain  in  which  the  Schertim  wanders,  whence  a  mass  of  highly  inclined  stra- 
tified rock  protrudes,  which  on  its  western  face,  or  towards  the  point  of  disturbance, 
is  of  a  schistose,  chloritic  character,  much  impregnated  with  hornblende,  and  towards 
the  east  becomes  calcareous,  and  is  then  undistinguishable  from  a  true  schaalstein. 
In  this  rock  we  did  not,  in  our  hasty  visit,  succeed  in  discovering  organic  remains  : 
but  we  consider  it  of  Devonian  age,  because  it  is  immediately  flanked  and  overlaid 
by  limestone,  loaded  with  carboniferous  fossils.  This  limestone  occupies  a  plateau 
slightly  raised  above  the  adjacent  brook,  of  perhaps  about  100  acres  in  area,  the 
surface  of  which,  covered  by  a  very  scanty  herbage,  exhibits  the  limestone  in  a 
multitude  of  little  hummocks,  whose  outline  may  be  compared  to  that  of  a  troubled 
sea,  as  represented  in  this  woodcut. 

60. 


1  Cossatclu-datchi  is  on  the  old  line  or  frontier  of  the  Kirghw,  which  pn«scd  thence  along  the  Unil  to 
Onk.  The  new  Cossack  line  is  much  advanced,  and  pa»*e»  from  TroiUik  direct  across  the  jtcppei  to 
Ormk  (.ee  Map). 
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The  geological  observer,  who  casts  his  eye  around  and  sees  that  the  limestone 
is  surrounded  by  eruptive  rocks,  would  have  little  hesitation  in  supposing,  tbat 
these  included  masses  also  owed  their  peculiar  form  to  some  plutonic  influence ; 
so  completely  do  the  calcareous  protuberances  resemble  in  outline  the  igneous 
"horuitos"  of  Jorullo  in  Mexico,  described  by  Humboldt.  Though  all  composed 
of  limestone  of  a  greyish-white  colour,  these  calcareous  hummocks,  when  ex- 
amined, convince  the  geologist  that  they  have  been  thrown  into  their  present 
outline,  by  heat  and  gaseous  vapours  which  formerly  struggled  for  expansion;  since 
not  only  are  nearly  all  traces  of  bedding  obliterated,  but  the  rock  is  rendered 
highly  fetid  and  sub-saccharoid,  and  breaks  for  the  most  part  upon  the  slightest 
application  of  the  hammer.  We  believe  that,  in  this  case,  the  metamorphic  action 
has  been  exactly  of  that  degree  of  intensity,  which  in  rendering  the  limestone  as 
pulverulent  as  sugar,  has  left  the  fossilized  organic  remains  comparatively  so  un- 
injured, that  they  easily  drop  out  from  the  ambient  matter. 

On  referring  to  the  Third  Part  of  this  work  it  will  be  seen,  to  how  great  an  ex- 
tent our  pala-ozoic  collection  of  the  Ural  has  been  enriched  from  this  locality, 
which  afforded  us  not  only  some  new  forms,  but  also  many  of  the  most  charac- 
teristic species  of  the  carboniferous  limestone  of  the  Valdai  hills,  Belgium,  France 
and  the  British  Isles.    Among  these  we  may  specially  enumerate — 

Terebratata  mecvtui  (var.  kattata)  (Sow.),  T.  pur/mut  (Sow.).  7'  pleurodoa,  T.  rkomboidn  (Mull.),  T.fati- 


formit  (nob.),  Spirtfrr  ttriatut  (Sow.),  S.  ylabrr  (Sow.),  S.  tnunu  (De  Kon.),  Orthit  Mickrlini  (Ter. 
Lev.),  Product**  laldaicta  (nob.),  or  P.  i/ru/u  (FUcJi.),  P.  Martini  (Sow.),  P.  temirtticatatiu  (a»- 
tiaaatu),  P.  SmMcm  (Sow.),  P.  pvnrtaltu  (Sow.),  P .  fimbriate  (Sow.),  Cardial*  Cralicau  (nob.). 
Area  argata  (FhUI.),  A.  lAimrdairiaaa  ( Dc  Kon.) ,  Cyprirardia  rkombra  (Phill.),  Edmandia  Uui«*if«mU 
(/rornnrio,  Phill.),  Cardhmvrpka  tricala  (De  Kon.),  Prrtr*  elliptinu  (Phill.),  PUarotomaria  */r,aia 
(Sow.),  P.  lYoitit  (TVocAiw,  Lev.),  Hucciwm  aculam  (Sow.),  Euompkatui  avpialit  (Planorbi*,  Sow.), 
E.  tabulatut,  Brlleropho*  hiulau  (Mart.),  B.  drruttat**  (Flem.),  Nautilat  bieari*aln»  (De  Kon.),  S. 
ryrfWuwiM  (Phill.),  N.cliMlariui  (Sow.).  X.  Tch'ffkini  (nob.),  Cyrtoeeratite  *or*n-oaa*tatut  (nob.), 
OrMorW.7™  cafomu,  (Dc  Kon.),  Ganiatitn  diadrma  (GolJf.).  G.  ryclolobu*  (Phill.),  0.  Barbotlaw*. 


(nob.),  G.  Slarianut  (nob.),  Atapku,  armmiltferiu  (Phill.). 

Even  in  this  convulsed  region,  we  fancied  we  could  distinguish  the  portion  of  these 
limestones  which  was  the  oldest,  from  that  which  succeeded  it ;  for  near  the  junc- 
tion with  the  bedded  schaalstcin,  evidently  of  high  antiquity,  we  found  at  the  point 
marked  p  in  the  preceding  woodcut,  the  large  form  of  Productus  Valdaicus  or  P. 
ftriatus  (Fisch.),  which,  as  before  shown,  characterizes  the  lowest  band  of  the  for- 
mation in  Russia ;  whilst  at  the  point  q  we  collected  many  Goniatites  and  other 
species  which  pertain  to  higher  members. 
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Those  alone  who  have  the  same  respect  for  a  true  characteristic  fossil  as  our- 
selves, can  imagine  the  feelings  of  delight  with  which  we  here  found  congregated 
in  one  natural  Siberian  storehouse,  so  great  a  number  of  shells,  some  of  which  we 
could  not  distinguish  from  well-known  forms  of  the  mountain  limestone  of  York- 
shire, Westmoreland  and  Derbyshire,  nor  others  from  species  which  are  abundant 
in  the  same  formation  in  Belgium  and  France  ! — a  striking  proof,  surely,  of  the 
wide  range  of  similar  influences  and  conditions  under  which  the  creatures  of  the 
palaeozoic  ara  were  brought  into  existence. 

The  fossils  of  Cossatchi  datclii  must,  therefore,  be  considered  as  geological  medals 
of  high  price,  in  a  country  throughout  which  their  traces  are  so  much  effaced1. 
Without  this  discovery,  we  could  scarcely  have  ventured  to  aflirm,  that  many 
other  adjacent  masses  of  crystalline  limestone,  immersed  among  the  granites  and 
trappaean  rocks  of  these  mountains,  belonged  to  similar  or  conterminous  deposits. 
We  shall  presently  see,  that  strata  of  like  age  are  prolonged  far  to  the  south  in  the 
steppes  of  the  Kirghis,  where  they  are  still  more  enveloped  by  granitic  and  other 
igneous  rocks. 

Eastern  Region  between  the  Ural  and  Troitsk. — In  receding  further  from  the  Ural 
chain  to  the  south  of  Miask,  and  in  the  parallel  of  Cossatchi-datchi,  the  traveller 
who  quits  the  trappa*an  hills  which  surround  the  last-mentione  dcalcareous  tract, 
finds  himself  in  a  low  undulating  country  composed  of  granite,  which  partially 
covered  by  black  earth,  rises  to  the  surface  in  numerous  knolls,  and  is  well-ex- 
posed on  the  banks  of  the  Ui,  near  the  small  town  of  Uvelsk.  This  granite,  which 
is  large-grained  and  of  a  reddish  tint,  constitutes,  in  truth,  a  granitic  steppe  per- 
fectly destitute  of  wood,  over  which  we  travelled  towards  Troitsk.  The  lithological 
character  of  the  subsoil  of  this  steppe,  for  a  considerable  breadth,  is  only  diversified 
by  patches  of  white  granular  marble  or  limestone,  which,  though  much  altered, 
still  exhibits  a  flaglike  structure,  and  a  strike  from  north-north-west  to  south -south- 
east, to  which,  indeed,  the  contiguous  ridges  of  granite  also  conform.  This  direc- 
tion, though  divergent  from  that  of  the  chief  adjacent  chain,  is  only  to  be  con- 
sidered as  one  of  those  local  aberrations  from  the  meridian  strike  which  occur  at 
intervals  on  both  flauks  of  the  Ural.  At  two  or  three  versts  to  the  south-east  of 
a  village  called  Kossobrodskaya,  a  low  narrow  ridge  of  regularly  bedded,  sandy 

I  Wt  owe  ureal  obligation*  to  M.  Barbot  de  Marni,  the  Director  of  the  gold  works  at  Cossatchi- 
datcbi,  who  supplied  us  with  many  of  our  best  fossils,  and  entertained  us  with  the  real  kindneaa  of  all 
the  Uralinn  settlers.    The  Goaiatitr*  Barbotlantu  (supra)  is  named  after  him. 
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schists,  having  in  parts  a  "schaalstein"  aspect,  strikes  nearly  north  and  south,  the 
beds  of  which  are  either  vertical  or  plunge  75°  and  80°  to  the  east.  These  schists 
arc,  in  parts,  almost  a  hornstone,  occasionally  contain  small,  flattened  quartzose 
concretions,  and  are  again  flanked  by  an  intrusive  rock  which  we  noted  on  the  spot 
as  being  hornblendic  granite  or  syenite'. 

At  Ossipovskaya,  where  we  joined  the  high  road  from  Verch-Uralsk  to  Troitsk, 
the  banks  of  the  Ui  are  composed  of  a  greenstone,  which  cuts  irregularly  through 
schistose  grauwacke,  having  uearly  a  north  and  south  strike.  Nearly  destitute  of 
all  vegetation,  except  the  Artemisia  or  wormwood  (the  roots  and  leaves  of  which 
during  the  hot  summer  of  1841  were  covered  with  locusts),  the  tract  extending  to 
Troitsk  offers  very  little  interest  cither  to  the  geologist  or  botanist,  the  bare  and 
wild  steppes  on  the  opposite  bank  of  the  Ui  being  alone  varied  by  a  few  Kirghis 
huts.  Masses  of  limestone  do,  however,  occur  to  the  west  and  east  of  Troitsk,  in 
which  we  sought  in  vain  for  traces  of  organic  remains,  though  in  the  limestone  near 
the  town,  Colonel  Helmersen  collected  fossils  which  are  considered  to  be  of  pa- 
laeozoic age.  By  reference  to  the  eastern  end  of  the  long  transverse  section,  PI.  IV., 
the  reader  may  at  once  comprehend  the  general  nature  of  all  this  thinly-peopled, 
sterile  and  parched-up  region,  from  which  we  gladly  escaped  to  revisit  the  green 
and  gay  Ural*. 

1  In  reference  to  what  appear*  in  the  text  in  this  and  the  following  page,  aa  well  as  previously  (p.  395). 
concerning  granite  and  syenite,  we  may  observe,  that  the  late  Dr.  MacCulloch  was  the  first  English 
author  who  drew  a  geological  distinction  between  granitic  and  syenitic  rocks.  Granite  (including,  how- 
ever, a  species  of  syenite)  was.  he  contended,  associated  with  the  most  ancient  crystalline  rocks,  whilst 
syenite  was  subsequent  to  and  often  incumbent  on  what  he  termed  secondary  rocks  (Geol.  Trans.  Old 
Ser.  vol.iii.  p.  3.17).  More  recent  observations  have,  however,  shown,  that  true  granite  has  in  various 
countries  cut  through  palaeozoic  and  even  secondary  or  mesozoic  deposits,  and  thus  no  geological  distinc- 
tion, marking  epochs  of  eruption,  can  be  established  between  that  rock  and  syenite.  They  are.  in  truth, 
mineral  varieties  of  intrusive  masses  which  geologists  must  recognise  as  intimately  connected  in  their 

*  Standing  out  as  the  advanced  post  of  Russia  in  tliis  parallel,  Troitsk,  though  having  a  population  of 
5000  only,  is  a  town  of  considerable  importance,  through  the  barter  and  commerce  which  is  there  carried 
on  between  Russia  and  the  Asiatic  countries  of  the  Kirghis,  Bokhara,  &c.  The  large  Menovoi-dwor, 
or  Exchange,  stand*  on  the  southern  or  Kirghis  side  of  the  river  L'i  and  opposite  the  town.  Four  to  five 
hundred  Bokharians,  a  few  Persians,  and  not  less  than  20,000  Kirghis  are  said  to  frequent  it  annually 
with  their  various  goods.  The  Bokharians  exchange  their  strong  silk -cotton  good*  for  copper,  iron,  hard- 
ware and  money,  whilst  the  Kirghis  buy  cotton,  cloth,  &c.  Russian  goods  to  the  value  of  three  millions 
of  rubles  are  here  sold  to  people  who  traverse  deserts,  and  it  was  noted  as  a  remarkable  feature  in  their 
commerce,  that  this  was  the  first  year  (1841)  in  which  no  caravan  had  been  attacked  or  pillaged  in  its 
passage  through  the  steppe*. 
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Regaining  the  same  parallels  of  granitic  and  schistose  rocks,  with  limestone, 
which  we  had  hefore  traversed,  we  thence  passed  over  granitic  zones  on  our  route 
to  Verch-Uralsk  (see  Map,  PI.  VII.  and  Section,  PI.  IV.).  One  of  these,  lying 
to  the  east  of  Stepnaya,  rises  into  several  cheese-shaped  knolls,  not  unlike  the 
Cornish  tors,  and  on  examination  this  rock  proved  also  to  have  a  laminated  struc- 
ture, somewhat  resembling  other  granites  before  described.  This  rock  is  succeeded 
on  the  west  by  micaceous  schists,  having  a  north  and  south  strike.  To  the  west 
of  Stepnaya  points  of  greenstone  appear ;  and  near  the  station  of  Kidysh,  slaty, 
grey  limestones,  evidently  palaeozoic,  and  probably  cither  of  Devonian  or  carboni- 
ferous age  (for  they  are  quite  on  the  strike  of  Cossatchi-datchi) ,  having  also  a  north 
and  south  direction,  are  included  between  the  greenstone  on  the  east,  and  a  second 
ridge  of  granite  on  the  west.  Schistose  and  talcose  strata,  with  courses  of"  schaal- 
stein  "  and  bands  of  white  quartz  follow,  and  the  whole  of  this  stratified  series  is 
flanked  on  the  west  by  a  still  more  important  ridge  of  intrusive  rocks,  which 
having  a  syenitic  character  in  one  part  becomes  a  true  granite  on  the  west,  as 
seen  at  the  station  of  Karagaisk. 

This  lateral  excursion  into  Siberia,  like  that  of  the  Issetz  (p.  3G1),  was  made  in 
order  to  ascertain,  if  these  lower  eastern  regions  differed  materially  from  the  Ural 
Mountains.  We  came  back  conviuced,  that  to  whatever  extent  the  intruding  rocks 
may  be  lithologically  distinguished  from  those  in  the  crest  of  the  chain,  the  original 
fundamental  rocks  of  this  part  of  Siberia  are  members  of  the  same  palaeozoic  series 
as  those  of  the  Ural ;  the  essential  difference  consisting  in  the  more  profuse  de- 
velopment of  granite  in  the  lower  than  in  the  higher  region.  Iu  a  word,  each  of 
the  narrow  granitoid  or  trappxan  ridges  of  the  Siberian  or  Kirghis  steppes,  is  but 
a  miniature  representation  of  the  Ural,  to  which  range  they  nearly  all  preserve  a 
parallelism,  accommodating  their  direction  to  each  variation  of  its  line  of  bearing. 
Though  deprived  of  organic  evidences  for  wide  distances  (and  how  are  they  to  be 
found  in  a  rapid  journey?),  their  occurrence  at  Troitsk  on  the  one  hand,  and  at 
Cossatchi-datchi  on  the  other,  in  strata  which  at  both  places  are  associated  on  to 
similar  metamorphic  and  intrusive  rocks,  affords  a  clear  demonstration,  that  how- 
ever we  are  incapable  of  dividing  it  into  systems,  the  original  subsoil  of  all  these 
regions  belongs  to  the  palteozoic  sera. 

This  view  is  corroborated  by  the  sketch  which  is  given  by  Colonel  Helmersen 
and  his  associate  Captain  Tchaikovsky,  of  the  structure  of  the  region  to  the  south 
of  that  which  has  been  just  alluded  to.   Beyond  Stepnaya,  the  granite,  which  may 
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be  considered  an  extension  of  that  of  the  Ilinen  Hills,  is  prolonged  into  the  low 
chain,  which  under  the  names  of  Djabyk  Karagai  and  Kara-Edir-tau,  ruus  parallel 
to  the  Ural,  and  constitutes  a  well-marked  watershed  between  the  affluents  of  the 
river  Tobol  and  those  of  the  Ural.  It  is  the  same  embranchment  which,  still 
further  to  the  south,  is  confluent  with  the  southern  extremities  of  the  axis  of  the 
Ural  Mountains.  In  this  eastern  parallel,  rocks  similar  to  those  in  the  adjacent 
and  higher  Ural  (chlorite  and  talc  schist,  quartz  rock,  clay-slate  and  limestone, 
with  hornstone,  jasper,  dolomite,  &c.)  succeed  on  either  flank  of  the  chief  axis  of 
eruption.  Again,  as  in  the  Ural,  encrinites  have  been  traced  in  the  intercalated 
limestone,  which  Colonel  Helmcrsen  is  even  disposed  to  consider  of  the  carboniferous 
age.  We  have  attempted  to  lay  down  the  features  of  these  wild  tracts  of  the  Kirghis 
in  a  general  manner  upon  our  Map,  and  will  now  merely  say,  that  according  to 
Captain  Tchaikovsky,  the  granite,  as  at  Ekaterinburg,  is  the  youngest  of  all  the 
eruptive  rocks,  dykes  of  it  having  been  found  to  traverse  greenstone,  which,  to- 
gether with  greenstone  porphyry,  serpentine,  &c,  are  repeated  over  and  over  amidst 
countless  bands,  which  we  can  only  consider  as  metamorphosed  palaeozoic  strata'. 

Eastern  Hank  of  the  South  Ural  between  Verch-Uralsk  on  the  north  and  Orsk  upon 
the  south. — Before  we  describe  the  other  transverse  sections  across  the  South  Ural, 
we  beg  to  offer  a  very  brief  description  of  the  geological  features  of  its  eastern  flank 
between  Verch-Uralsk  and  Orsk,  i.e.  along  the  course  of  the  river  Ural,  or  what  is 
called  the  Old  Line  of  the  Cossacks.  Of  Verch-Uralsk,  as  the  point  which  con- 
nects the  Uralian  and  Siberian  regions  (see  PI.  IV.),  we  shall  have  again  to  speak, 
when  detailing  the  great  transverse  section  from  thence  to  Stcrlitamak.  Covered 
with  black  earth  and  morass,  no  rock  is  visible  near  Verch-Uralsk,  and  it  is  only 
on  advancing  from  thence  to  Spaskaya,  that  round-backed  stony  hills  set  in.  In 
one  of  these,  grey  subcrystalline  limestone  appears,  which  is  penetrated  by  green- 
stone and  porphyry,  and  near  the  upper  part  of  that  village,  a  thick-bedded  lime- 
stone dips  16°  to  the  south-west4. 

The  dominant  eruptive  rock  in  this  tract  is  a  red  felspathic  porphyry,  the 

•  Reise  i«»ch  dem  Ural,  und  dem  Kirgiscn  Steppe,  p.  21 7  el  $eq.  The  road  along  the  new  Russian  fron- 
tier, or  the  new  line  of  the  Cossack*,  which  passe*  direct  from  Orsk  to  Troitsk,  embrace*  nearly  all  thin 
steppe  region,  and  traverses  the  watershed  in  question  a  few  stations,  to  the  north-cast  of  Orsk  («ee 
Map.  PI.  VI.,  in  which  we  have  inserted  the  chief  features  noticed  by  Colonel  Hclmersen). 

*  We  found  a  chambered  shell  in  this  rock  very  much  resembling  an  Ammonite,  but  unfortunately  it 
has  been  lost.    Whatever  this  shell  may  have  been,  we  could  not  when  on  the  spot  diasociate  the  rock 


KIRGHIS  FRONTIER. — MAGNITNAYA  TO  ORSK. 


445 


prevalent  variety  of  which  is  of  a  reddish  colour,  with  large  white  crystals  of  fel- 
spar, and  a  little  quartz.  Another  variety,  occasionally  columnar,  like  some  of  the 
porphyries  of  the  Isle  of  Arran,  has  a  dark  grey  compact  base,  with  crystals  of  light 
colour  ;  and  a  third  has  a  light  grey  base,  with  crystals  of  pink  felspar.  As  in 
many  other  parts  of  the  world,  where  such  bosses  and  ribs  of  porphyry  are  flanked 
by  schists,  the  latter  at  the  points  of  contact  are  in  a  jaspidcous  condition.  A 
little  to  the  north-east  of  the  station  of  Magtiitnaya,  and  on  the  opposite  bank  of 
the  river  Ural,  the  chain  is  subtended  by  a  parallel  ridge  containing  magnetic  iron 
ore,  and  called  the  Ula  Utasse-tau,  which  is  also  associated  with  porphyry1.  This 
is  the  last  hill  of  magnetic  iron  which  accompanies  the  chain  in  its  southward 
extension,  and  by  reference  to  the  Map  it  will  be  seen,  that  this  rock,  at  least  in 
mountain  masses,  is  invariably  peculiar  to  the  Asiatic  side  of  the  axis,  and  is, 
wherever  it  exists,  associated  with  porphyrinic  eruptions.  At  Yangelskaya,  por- 
phyry appears  in  the  streets  of  the  village,  and  we  met  with  no  rocks  of  pala?ozoic 
age,  till  we  were  half-way  between  the  station  of  Syrtinskaya  and  the  fortress  of 
Kizilsk. 

The  carboniferous  limestone  of  greyish  colour  is  there  considerably  expanded, 
and  seems  to  fold  over  subjacent  masses  of  porphyry.  In  it  wc  found  Productus 
Valdaicus,  and  two  other  smaller  species,  with  Pectens,  corals  and  Encrinites. 
This  limestone  is  exposed  on  both  banks  of  the  Ural  at  Kizilsk,  where  it  has  a 
well-determined  strike  from  north-north-west  to  south-south-east,  and  dips  40°  to 
the  west-south-west.  Some  of  the  underlying  beds  had  a  hard  magnesian  character, 
and  a  cone  of  porphyry  protrudes  on  the  left  bank  of  the  stream. 

A  few  versts  to  the  south  of  Kizilsk  the  eruptive  rocks  have  somewhat  of  a 
basaltic  character,  but  M.  Rose  has  shown  that  they  are  in  truth  augitic  porphyry, 
accompanied  by  amygdaloid,  with  chalcedony  and  calc  spar.  Again,  at  Gruz- 
nushinsk,  and  thence  to  Berezofsk,  the  whole  country  is  usurped  by  porphyry  or 
greenstone  porphyry,  which  occupies  cliffs  from  sixty  to  eighty  feet  on  the  batiks 
of  the  river.  This  is  a  tract  of  very  fine  herbage,  and  much  resembles  in  aspect 
the  richest  grassy  countries  of  the  Scottish  border,  like  which  it  is  well-watered 
and  pastoral.    To  the  south  of  Urtazimsk  the  carboniferous  limestone  recurs  in 

'  For  a  detailed  account  of  the  crystalline  rocks  along  this  old  line  of  the  Cossack  fort*,  the  reader 
must  consult  the  work  of  MM.  Hofmann  and  Helmcrscn  (Gcog.  Untcrsuchung  des  Sud  Ural  Gcb.  1 831 ). 
On  the  west  side  of  the  line,  or  nearer  to  the  Ural  chain,  the  schists  are  converted  into  jasper,  numerous 
bands  of  which  we  traversed  in  two  other  sections.    Sec  PL  III.  fig.  5.  and  PI.  IV.  (Verch-Uralsk.) 
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strong  ledges,  which  containing  Encrinites  and  Cidaris,  and  having  the  same  north- 
north-west  strike,  dip  still  more  sharply  towards  the  chain  or  west-south- west. 
Hereabouts,  and  at  Orlofskaya1,  the  porphyries  are  occasionally  black  and  slaty, 
with  acicular  crystals  of  felspar  ,  the  red  porphyry  has  a  coarsely  granular  base, 
and  greenstone  porphyry  is  not  uncommon.  Towards  Orsk,  the  country  gradu- 
ally lowering  into  a  steppe,  the  limestone  is  no  longer  visible,  but  wherever  the 
porphyritic  or  other  igneous  rocks  do  not  prevail,  the  intermediate  spaces  are 
occupied  by  dark  grey  coarse  grits  and  conglomerates  which  have  the  same  strike 
and  high  inclination  as  the  limestone,  and,  together  with  the  interjacent  ridges  of 
porphyry,  proceed  excentrically  from  the  Ural  chain,  striking  from  north-north-west 
to  south-south-east  (see  Map).  We  believe  that  these  grits,  sandstones  and  con- 
glomerates form  the  upper  member  of  the  carboniferous  group,  an  inference  which 
is  sustained  by  the  section  from  Orsk  to  Orenburg.  In  approaching  the  axis 
(as  between  Burmaya  and  Orsk),  these  grits  have  more  of  the  true  meridian  strike 
than  when  examined  further  from  the  chain. 

Transverse  Section  of  the  South  Ural  from  Orsk  towards  Orenburg  (PI.  III.  fig.  3). 
— Orsk  has  doubtless  been  fixed  upon  as  the  Russian  advanced  post  towards  the 
steppes  of  the  Kirghis,  on  account  of  the  insulated  hill  called  Preobrajenski-gora, 
which  rises  up  in  the  low  country  on  the  right  bank  of  the  Or,  at  its  confluence 
with  the  river  Ural.  This  hill,  on  which  the  church  stands,  is  chiefly  composed 
of  an  eruptive  rock,  which  M.  Rose  describes  as  greenstone  porphyry. 

Hofmann,  Hclmerscn  and  Rose  have  described  various  quarries  of  ribboned 
and  other  jaspers,  both  to  the  north  of  the  citadel,  and  also  eastwards  of  it  in  the 
river  Or,  and  in  all  cases  they  are  directly  in  contact  with  greenstone  porphyry. 
In  the  Preobrajenski-gora,  the  schists  through  which  the  intrusive  rock  rises,  are 
highly  altered  and  jaspidified  at  and  near  the  contact,  but  at  a  certain  distance 
from  it  they  are  nothing  more  than  hardened  grauwackc.  We  are  entirely  of  the 
same  opinion  as  M.  Rose,  that  the  jaspers  arc  simply  altered  schists :  we  further 
believe  that  they  are  of  the  carboniferous,  or  certainly  not  older  than  the  upper- 
most Devonian  age,  because  they  are  succeeded  on  both  flanks  by  carboniferous 
limestone,  shale  and  conglomerate.    All  the  jaspideous  bands  near  Orsk  have,  in 

'  Once  for  all  it  may  be  stated,  that  certain  placea  in  Russia  are  occasionally  cited  by  us  in  the  text 
with  the  termination  aya.  some  of  which  on  reference  to  the  Map  are  inserted  without  it  Thia  termination 
ought  not,  rigidly  speaking,  to  be  employed  in  a  foreign  language,  for  it  is  only  employed  by  the  Russians 
in  an  adjectire  sense  to  signify  the  post,  station,  forge.  &c.  of  the  place  in  question. 
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fact,  precisely  the  same  strike  (north-north-west  to  south-south-east)  as  the  adjacent 
carboniferous  deposits  which  we  have  described  along  the  north  and  south  course 
of  the  river  Ural,  whilst  to  the  west  they  are  separated  from  other  carboniferous 
rocks  by  a  great  central  band  of  eruption  which  occupies  the  Guberlinski  Hills'. 

Guberlinski  Hills  (PI.  III.  fig.  3).— Escorted  by  mounted  Bashkirs,  armed  with 
bows  and  arrows'  (for  we  were  now  on  the  extreme  frontier  of  the  wild  Kirghis), 
we  quitted  the  low  and  arid  tract  around  Orsk,  and  passed  among  some  hillocks 
of  a  conglomerate,  partly  calcareous.  As  these  masses  are  horizontally  bedded,  we 
conceive  that  they  can  have  no  connection  with  the  highly  inclined  carboniferous 
conglomerates  and  jaspidified  schists.  Reaching  the  station  of  Khabarnoi,  we 
ascended  the  Guberlinski  Hills,  composed  essentially  of  plutonic  rocks,  having 
chiefly  the  character  of  greenstone,  serpentine,  &c. ;  these  hills,  which  from  their 
low  altitude  are  only  considered  a  plateau  by  Helmersen5,  arc  of  the  highest  in- 
terest to  the  geologist  in  determining  the  true  meridian  direction  of  the  mineral 
axis  of  the  Ural.  When  viewed  upon  their  summit  over  which  the  road  passes, 
they  are  seen  to  be  made  up  of  a  series  of  rapid,  bare  and  stony  undulations, 
resembling  an  agitated  sea,  scarcely  any  one  wave  of  which  rises  higher  thar- 
another,  as  represented  in  this  woodcut. 


61. 


'  M.  Rose  give*  a  valuable  detailed  account  of  one  of  the  broken  prolongations  of  the  Ircndyk,  which 
here  terminating  near  the  river  Ural,  is  separated  by  a  valley  from  the  Guberlinski  Hills.  Greenstone 
and  hypcrstheoe  rock  abound  in  it.  and  he  offers  a  diagram,  showing  how  the  latter  rock  has  overflowed 
the  schists,  which  in  contact  with  it  arc  jaspers,  and  a  little  removed  from  it  contain  Kiesel-schiefer. 
(Rcise  nach  dem  Ural,  2Th.  p.  19'2.) 

*  See  a  sketch  of  one  of  our  escort,  opposite  p.  444.  where  the  Bashkir  soldier  is  contrasted  with  a 
Russian  peasant. 

'  965  English  feet  above  Orenburg. 
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GUBERLINSKI  HILLS  AND  THEIR  SOUTHERN  EXTENSION. 


Looking  from  these  hills  due  southwards,  across  the  hroad  transversal  valley, 
in  which  the  river  Ural  here  flows  to  the  west,  the  geologist  accustomed  to  moun- 
tain outlines,  at  once  recognises,  that  the  very  same  low  conical  forms  are  con- 
tinuous into  the  distant  Kirghis  elevations  of  Katen  Edir-tau  and  Urkatch,  which 
ranging  southwards  to  the  Mugodjar  Hills  and  Mount  Airuk,  constitute  the  true 
mineral  axis  of  the  Ural.  Again,  if  the  same  line  be  prolonged  by  hills  of  similar 
constitution  to  the  south  of  Mount  Airuk,  which  near  the  country  of  the  Great 
Bursuk  are  in  like  manner  flanked  by  altered  rocks,  limestones  and  grits  as  in  the 
Russian  Ural,  and  if  this  line  be  further  prolonged  along  the  major  axis  of  the  Aral 
Sea,  we  find  another  ridge  of  similar  character  to  the  north-east  of  Khivah,  which 
thus  seems  to  mark  the  extension  of  the  enormously  long  meridian  fissure  in  the 
earth's  surface,  of  which  the  Ural  is  the  dominant  feature.  We  have  before  indi- 
cated that  the  eastern  flanking  ridge  of  the  Kara  Edir-tau  of  the  steppes  of  the 
Kirghis,  which  we  agree  with  Baron  Humboldt  and  Colonel  Helmersen  in  consider- 
ing a  prolongation  of  the  Ilmcn  Hills,  bends  inwards  in  its  course  southwards,  and 
unites  with  the  Mugodjar  and  Airuk  ridge.  Judging  from  their  low  altitude,  pure 
geographers  may  look  upon  both  the  Kara  Edir-tau  and  hills  of  Gubcrlinsk  as 
mere  plateaux,  whilst  the  geologist  must  view  both  these  elevated  lines  as  em- 
branchments of  the  same  great  fissure  of  eruption  which  unite  in  their  prolonga- 
tion to  the  south. 

But  without  entering  further  into  general  considerations,  let  us  now  adhere  to 
the  description  of  the  Guberlinski  Hills. 

On  their  summit,  and  not  far  from  a  guard-house,  the  undulating  cones  of  green- 
stone are  diversified  by  the  occurrence  of  large  masses  of  pure  white  magnesite1, 
which  arranged  both  in  laminated  and  concretionary  forms,  is  associated  with  an 
earthy  trap  rock.  In  other  parts  the  rocks  having  a  serpentinous  aspect,  contain 
asbestos,  and  further  on  they  change  their  character  from  greenstones  to  black 
diallage  rocks.  In  advaucing  to  their  western  slopes,  the  Guberlinski  Hills  become 
more  ravined,  and  offer  some  wild  and  barren  scenes,  from  whence  the  traveller 
looks  down  into  the  picturesque  valley  in  which  the  village  of  Gubcrliuski  is  placed, 
the  arid,  brown  rocks  above  forming  a  fine  contrast  to  the  grassy  slopes  beneath. 
The  accompanying  vignette,  taken  from  the  gateway  of  the  post-house  in  the  vil- 

'  Our  companion  Lieutenant  Koksharof,  whose  correct  eye  for  mineral  distinction*  we  have  often  hail 
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lagc  below,  and  looking  upwards  to  the  mountain,  will  convey  a  tolerably  good  idea 
of  the  scene. 

From  this  spot,  the  road  leading  through  the  alluvial  gravel  of  the  valley  in 
which  the  Ural  flows,  and  only  skirting  the  hilly  tracts,  wc  had  no  opportunity  of 
examining  the  rocks  for  some  little  space  ;  but  to  the  west  of  the  station  of  Pod- 
gornoi,  the  road  again  leads  over  one  of  the  southern  spurs  of  the  chain.  This 
ridge  partly  consists  of  igneous  rocks,  which  throw  off  patches  of  limestone  and 
iron  ore.  These  are  followed  by  hills  having  a  more  rounded  outline,  and  con- 
sisting for  the  most  part  of  strong  ledges  of  grit  and  conglomerate,  which  highly 
inclined  to  the  west,  dip  away,  therefore,  from  the  great  axis  of  eruption,  and 
overlie  the  shreds  of  dismembered  limestone  which  fringe  the  trappsean  hills.  The 
Podgornoi  hills  strike  from  nearly  north-north-west  to  south-south-east,  and  the 
beds  dip  G5°  west-south-west,  thus  showing  that  the  Guberlinski  Hills  form  the  true 
axis  of  the  chain,  throwing  off  similar  limestones,  grits  and  conglomerates,  both  to 
the  east  and  west.  That  these  highly  inclined  conglomerates  are  truly  carboni- 
ferous we  had  no  doubt,  for  they  contain  plants  of  that  age,  as  well  as  fragments 
of  pre-existing  limestones ;  and  we  believe  that,  like  the  conglomerates  of  which 
we  have  before  spoken,  aud  which  succeed  to  the  carboniferous  limestone  on  the 
other  flank  of  the  axis  north-east  of  Orsk,  they  are  all  of  the  same  epoch.  To  the 
west  of  Podgornoi  the  conglomerates  and  grits  are  repeated  in  masses  of  enormous 
thickness,  and  are  associated  with  calcareous  grit,  and  flaglikc,  grey  granular  lime- 
stone. The  strike  of  these  last-meutioned  beds  is  north-north-west,  and  they  dip 
to  the  east-north-east,  forming  a  trough  with  those  to  the  east  of  Podgornoi.  In 
comparing  them  with  other  deposits  in  the  Ural,  we  can  scarcely  doubt  that  these 
last-mentioned  strata  belong  to  the  group  of  calcareous  psammites  and  conglome- 
rates which  we  term  the  grits  of  Artinsk,  aud  which  have  been  shown  to  constitute 
the  uppermost  member  of  the  Carboniferous  system  in  these  regions. 

Other  calcareous  grits  and  flagstones  which  appear  at  Illienskaya  and  a  few 
places  in  the  low  country,  but  which  we  did  not  see  in  rife,  the  surface  being  much 
covered  up  with  gravel  and  clay,  belong  in  all  probability  to  the  Permian  system, 
and  are,  we  doubt  not,  confluent  with  the  great  masses  of  that  deposit,  which,  occu- 
pying all  the  low  region  around  the  city  of  Orenburg,  are  extended  upon  the  flanks 
of  the  Mugodjar  Hills,  and  ramify  westwards  for  a  considerable  distance  in  the  great 
depression  watered  by  the  Ural,  along  which  we  travelled. 

In  one  parallel,  the  carboniferous  limestone  is  thrown  out  in  a  great  advanced 
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spur,  which  advances  to  the  river  Ural,  and  is  called  from  its  shape  Verbluya-gora 
or  Camel  Hill.  This  ridgy  elevation  (about  1000  feet  above  the  sea)  is,  however,  a 
mere  southern  counterfort  of  the  carboniferous  limestone  which  constitutes  the 
Gurmaya  (Bashkir)  Hills,  an  extension,  indeed,  of  the  remarkable  calcareous  zone 
which  will  be  mentioned  in  the  next  page  (see  Map). 

At  Verchni  Ozernaia,  and  in  all  the  tract  extending  from  thence  to  the  Gur- 
maya Hills,  the  substrata  of  gy  psum,  limestone  and  sandstone,  grit,  &c,  are  all 
unquestionably  Permian ;  but  whether  similar  rocks  occupy  the  whole  of  the 
broad  depression  in  which  the  Ural  flows,  and  extend  continuously  eastwards  to 
Orsk,  can  only  be  decided  by  an  accurate  and  detailed  survey.  One  fact  which 
seems  established  by  this  traverse  across  the  south  end  of  the  Ural  is,  that  no 
palaeozoic  rocks  of  higher  antiquity  than  the  carboniferous  are  exposed  in  this 
parallel,  or  in  the  transverse  valley  of  the  Ural  (see  Map). 

We  shall  now  appeal  to  sections  further  to  the  north,  which  explain  the  full  de- 
velopment of  the  South  Ural  where  it  rises  into  mountainous  masses. 

Oblique  Section  from  the  hills  north-east  of  Orenburg  across  the  plateau  of  Preo- 
brajensk,  and  thence  over  the  Irendyk  ridge  (PI.  III.  figs.  4  and  5).— Although 
we  have  already  described  the  red  Permian  strata  in  the  low  region  adjacent 
to  the  hilly  country  under  review  (p.  147),  we  take  this  opportunity  of  endea- 
vouring to  convey  to  others  the  impression  produced  upon  ourselves,  when  on 
quitting  the  edges  of  the  mountains,  we  journeyed  along  the  flat  and  boundless 
steppe  towards  Orenburg.  By  looking  at  the  opposite  sketch  the  reader  may 
picture  to  himself  our  sensations  in  an  intensely  sultry  day,  when,  driving  across 
the  plain,  the  distant  6pires  of  the  city  first  broke  upon  our  sight.  Emerging,  on 
the  contrary,  from  this  parched-up  flat  expanse,  how  refreshing  was  the  sight  of 
the  verdant  limestone  hills,  in  the  midst  of  which  we  passed  some  delightful  days 
at  the  Katchufka,  or  summer  residence  of  our  distinguished  friend  General  Pe- 
rowski,  then  Governor-General  of  this  province  !  The  second  lithograph  represents 
the  view  of  the  Gurmaya  Hills  before  alluded  to,  and  which  form,  in  fact,  the 
southern  termination  of  the  calcareous  chain  in  this  parallel. 

Proceeding  from  the  hospitable  retreat  of  the  Katchufka,  the  dense  shade  of 
whose  evergreen  oaks  was  doubly  agreeable  to  us,  after  having  been  scorched  in 
the  saliferous  plains  of  Illetzkaya  Zastchita  (p.  184  etseq.),  we  now  beg  our  readers 
to  accompany  us  over  the  South  Ural  in  two  transverse  sections  across  a  little  fre- 
quented portion  of  the  chain,  which  we  were  enabled  to  make  through  the  kindness 
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and  good  arrangements  of  General  Perowski.  The  whole  of  the  south-western  por- 
tion of  the  Ural  Mountains,  from  whence  we  took  our  departure,  is  composed  of 
an  infinite  number  of  sharp  ridges  of  carboniferous  limestone  of  about  900  to  1000 
feet  in  height,  which  expanding  in  rapid  undulations  trend  towards  the  south  into 
the  Gurmaya  and  Camel  Hills. 

To  the  north  of  the  Katchufka  the  ridges  diminish  in  number,  and  the  whole 
calcareous  zone  is  reduced  to  the  width  of  less  than  twenty  versts,  between  the 
Permian  rocks  on  the  west  and  older  palaeozoic  rocks  on  the  cast.  Richly  orna- 
mented  at  intervals  with  fine  trees  and  herbage,  this  limestone  district  appeared  to 
us  to  be  one  of  the  most  favoured  tracts  inhabited  by  the  poor  Bashkirs,  through 
whose  lands  we  travelled  for  so  long  a  distance'. 

In  the  outer  or  western  portion  of  these  calcareous  hills  we  observed  Fusulinae 
in  a  gritty  limestone,  fossils,  as  has  been  before  shown,  characteristic  of  the  upper 
division  of  the  formation  in  many  parts  of  Russia ;  whilst  in  the  inner  portion  were 
thick  beds  of  pure  limestone  with  large  Producti,  including  the  P-  Valdaicus,  which 
is  equally  characteristic  of  its  lower  members.  These  organic  remains,  accom- 
panied as  they  were  by  a  prevalent  dip  to  the  west,  already  taught  us  that,  notwith- 
standing many  breaks  and  contortions,  we  were  advancing  to  older  strata.  In  a 
tract  covered  with  fine  vegetation  and  in  which  no  quarries  had  ever  been  opened, 
it  was  difficult,  even  with  very  steep  slopes  and  deep  glades,  to  define  the  geologi- 
cal character  of  the  succeeding  beds,  but  from  occasional  glimpses  they  seemed  to 
consist  of  black  schists  with  thin  courses  of  impure  limestone  containing  Encrinites 

1  Though  the  great  mass  of  the  South  Ural  ia  still  possessed  by  the  Bashkirs,  the  Museums  are  daily 
purcliosing  their  lands,  wherever  ores  or  fine  soil  occur,  and  the  original  inhabitants  (like  the  Red  Indians 
of  America)  are  thus  gradually  compressed  into  limits  incompatible  with  the  existence  of  a  nomadic  race, 
destitute  of  any  agricultural  art,  and  living  exclusively  on  the  produce  of  their  herds  of  horses.  In  the 
most  mountainous  tracts,  however.  Bashkirs  alone  arc  still  to  be  found,  among  whom  we  could  not  have 
been  forwarded  without  the  special  orders  of  General  Perowski,  who  furnished  us  indeed  with  provisions 
and  a  carriage  suitable  to  the  rugged  country,  directing  Bashkir  officers  (who  do  the  duty  of  Cossacks)  to 
accompany  us.  We  can  never  forget  cither  the  pleasant  hours  we  passed  at  the  Katchufka  of  General 
Perowski  or  the  services  he  rendered  us  in  tfiis  tour,  still  less  the  admirable  MS.  map  of  the  whole  region 
with  which  he  furnished  us.  It  was  on  this  occasion  that  we  induced  M.  J.  Khanikoff,  attached  to  the 
staff  of  the  Governor- General,  to  describe  the  geographical  features  of  all  the  surrounding  countries,  and 
to  furnish  a  memoir,  which  Mr.  Murchison  has  since  inserted  in  the  14th  volume  of  the  Transactions  of 
the  Royal  Geographical  Society  of  London.  The  name  of  Perowski  has  been  printed  iu  the  preceding 
pag-es,  131  el  *ry.  as  it  is  pronounced,  "  Pero/ski  or  Perovtki." 
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and  thin,  grass-like  fossil  plants1.  Where  the  road  (Starai-tract)  ascends  from  these 
pastoral  valleys,  the  external  features  entirely  change.  Instead  of  the  copious 
vegetation  which  usually  accompanies  well-watered  calcareous  soils,  we  had  now 
reached  a  monotonous  plateau  void  of  all  limestone,  with  a  poor  and  stunted 
herbage,  through  which  we  could  occasionally  detect  the  ends  of  the  strata  only. 
These  are  composed  of  a  greenish,  earthy,  thinly  foliated  psammite,  which  alter- 
nated repeatedly  in  highly  inclined  positions,  with  siliceous  flagstone  and  thinly 
laminated  schists,  no  fossils  being  discoverable  in  the  strata,  save  a  few  wretched 
casts  of  what  might  be  either  the  terrestrial  plants  (grasses  ?)  or  marine  fucoids. 
To  the  east  of  the  station  of  Berdek  these  schists  are  exposed  in  a  ravine,  but  still 
they  told  no  tale,  except  that,  being  highly  inclined,  they  were  traversed  by  an 
oblique  and  nearly  horizontal  rude  cleavage 

At  the  Zavod  of  Preobrajensk  the  river  Urmanzelair,  a  tributary  of  the  Sakmara, 
runs  in  a  gorge  of  contorted,  green,  psammitic  grauwacke  with  schist,  in  which  no 
calcareous  matter  and  no  fossils  were  observed".  To  what  age  then  can  wc  refer 
the  great  mass  of  rocks  between  the  Bashkir  village  of  Tchematzine  and  Preobra- 
jensk ?  Though  in  the  absence  of  fossils  we  cannot  satisfactorily  reply,  we  know 
that  all  these  schistose  strata  underlie  the  carboniferous  limestone  ;  and  here,  there- 
fore, as  in  many  parts  of  the  continent  of  Europe  where  limestones  and  fossils  are 
wanting,  we  can  do  no  more  than  consider  them  all  as  lower  Palaeozoic.  Good 
reasons,  indeed,  exist  for  supposing,  that  the  oldest  of  these  grauwacke  beds  must 
be  of  Silurian  age,  for  in  a  subsequent  section  it  will  appear,  that  in  following 
these  same  masses  to  the  north,  they  become  calcareous  and  contain  characteristic 
fossils. 

From  Preobrajensk  to  the  point  where  we  crossed  the  Sakmara  river,  scarcely 
any  feature  worth  recording  presented  itself,  for  we  were,  in  fact,  travelling  upon 
the  strike  of  the  same  schistose  strata.  On  the  river  Silayefskaya,  and  ranging 
thence  to  Zuluck,  quartzosc  and  micaceous  schists  strike  north-north-east  and 
south-south-west,  dipping  40°  to  the  west ;  and  at  the  spot  where  we  traversed 
the  Sakmara,  chlorite  schist  appears  in  contact  with  a  boss  of  serpentine.    So  far 

'  The  chief  Bashkir  village  in  this  tract  of  black  calcareous  schist  is  called  Tchematzine,  and  is  sur- 
rounded by  magnificent  trees,  including  Birches  of  extraordinary  size. 

*  This  Zavod  is  established  here  on  account  of  the  water-power,  the  copper  which  is  smelted  at  it  being 
brought  from  the  rich  mines  in  the  Permian  rocks  of  the  government  of  Orenburg,  on  the  west. 
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then  wc  could  discern,  that  low  as  this  plateau  is,  in  reference  to  the  Irendyk 
ridge  which  wc  were  approaching,  it  might  be  considered  the  mineral  axis,  if  really 
composed,  as  we  believe  it  to  be,  of  the  oldest  rocks  in  this  part  of  the  chain. 

The  Irendyk  (continuation  of  PI.  III.  fig.  5.).— From  the  dull  and  spiritless  pla- 
teau of  Preobrajensk,  composed  of  its  grauwacke  schists  and  grits,  some  of  which, 
however,  where  not  metamorphosed,  have  a  good  deal  the  aspect  of  the  Silurian 
sandstone  of  England,  we  ascended  steep  and  verdant  slopes  to  the  peaks  of  the 
Irendyk,  which,  in  this  parallel,  constitutes  the  geographical  axis  of  the  South  Ural, 
and  separates  the  waters  which  flow  eastwards  into  the  river  Ural,  from  those  which 
run  westwards  into  the  Sakmara  and  Biclaya.  This  ridge  is  essentially  eruptive, 
and  its  external  forms  are  highly  picturesque.  It  is  made  up  of  felspathic  rocks 
which  pass  into  greenstone,  slaty  porphyry  and  porphyritic  breccia,  and  rise  to 
above  3000 1  feet  above  the  sea.  We  spent  a  night  amid  these  peaks  in  the  tents 
of  the  Bashkir  chief  Mohammed  John4,  who  was  encamped  here  for  the  summer 
pastures  of  his  herds  of  mares  and  flocks  of  sheep,  and  offer  a  sketch  of  the  scene 
which  presented  itself  at  day-break  in  this  wild  and  richly-wooded  mountain  recess. 
On  ascending  to  the  summits,  the  chief  of  which  at  this  point  is  called  Katlantchik, 
we  found  them  to  consist  of  stratified  compact  felspar  rock  or  eurite,  which  is  in 
parts  porphyritic,  the  whole  having  an  appearance  of  bedding,  the  strata  being 
either  vertical  or  dipping  70°  to  east-south-cast.  A  little  lower  on  the  eastern 
slope,  the  rocks  are  either  granular  felspathic  trap,  or  greenstone  porphyritic 
greenstone  and  grey  porphyry,  with  pink  felspar  crystals ;  in  a  word,  the  same 
group  of  eruptive  rocks  which  we  had  met  with  in  the  adjacent  valley  of  the  Ural 
river,  distant  from  the  Irendyk  about  fifty  versts. 

The  most  remarkable  feature  on  this  slope  of  the  mountain  ridge,  is  the  infinite 
number  of  alternations  or  parallel  bands  of  igneous  rocks  (porphyries)  with  jaspers 
and  flinty  schists,  the  former  most  frequently  occupying  low  parallel  ridges,  the 
latter  the  interjacent  depressions.  During  the  brief  moments  at  our  disposal,  we 
looked  in  vain  for  organic  remains  in  these  highly  altered  masses ;  still,  when  foi- 

1  Helmcrsen  make*  the  culminating  crest  of  this  ridge  2942  French  or  3135  English  feet. 

*  Our  host,  Mohammed  John,  who  appears  in  the  foreground  of  the  opposite  sketch,  was  a  fine  spe- 
cimen of  a  lusty  Bashkir,  with  a  capacious  stomach  well  filled  with  Kumiss,  or  mures'  milk.  In  his  tent 
(where  we  slept  upon  fresh-chopped  fir-leaves)  we  were  refreshed  with  excellent  tea,  whilst  surrounded 
by  numerous  black  skins  filled  with  Kumiss,  and  ornamented  chests,  from  which  one  of  his  wives  un- 
packed his  best  crockery.  In  the  annexed  sketch  of  this  camp,  one  Russian  peasant  is  introduced  as  a 
contrast.    The  portly  officer  it  a  Russianized  Bashkir. 

3  N 
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lowed  on  their  strike,  these  are  the  very  same  strata  which  rise  out  from  beneath 
and  are  associated  with  the  carboniferous  limestone  in  the  valley  of  the  Ural  river. 
Some  of  these  schists  which  have  been  converted  into  jaspers  are  therefore  clearly 
of  carboniferous,  and  others  may  be  of  Devonian  age ;  for  the  Silurian  formations 
are  all,  we  apprehend,  represented  by  the  rocks  on  the  west  side  or  near  the  axis 
of  the  Irendyk.  The  section  which  we  have  thus  briefly  described,  traversing  the 
river  Kizilsk,  terminates  on  the  east  at  Yangelskaya  on  the  river  Ural ;  and  having 
thus  brought  back  our  readers  to  a  valley  to  which  we  had  previously  introduced 
them,  we  will  now  explain  to  them  our  last  traverse  of  the  chain. 

Transverse  Section  of  the  central  and  most  expanded  region  of  the  South  Ural,  from 
Verch-Uralsk  to  Sterlitamak  (Coloured  Section,  PI.  IV.).— This  section  is  most 
important  in  re-assuring  us,  that  large  masses  of  rock  in  the  very  heart  of  the  Ural 
chain  are  really  palaeozoic, — a  point  which  the  preceding  traverse  does  little  to 
establish.  It  is  also  of  high  interest,  from  passing  directly  over  the  numerous  south- 
western embranchments  into  which  the  chain  ramifies  in  this  parallel,  which  may 
thus  be  contrasted  with  its  south-eastern  limbs  which  we  have  been  considering.  In 
a  word,  our  coloured  section  is  so  laid  down  as  to  carry  the  reader  from  Troitsk  in 
the  steppes  of  the  Kirghis  on  the  east,  by  Verch-Uralsk  to  Sterlitamak,  and  thence 
into  the  great  flanking  plateaux  of  Permian  rock  upon  the  west.  The  country  011 
both  flanks  of  the  chain,  properly  so  called,  i.  e.  between  Troitsk  and  Verch-Uralsk 
on  the  east,  and  in  the  region  beyond  Sterlitamak  on  the  west,  having  already  been 
described,  pp.  438  et  seq.  and  150  et  seq.,  the  section  of  the  mountainous  or  cen- 
tral portion  only  will  be  now  developed. 

Although  porphyries  and  carboniferous  limestone  are  seen  to  the  south  and  gra- 
nitic rocks  to  the  north-cast  of  Verch-Uralsk,  the  substrata  immediately  around 
the  town  are  obscured  by  black  earth  and  alluvia,  which  extend  for  some  miles  to 
the  low  elevations  on  the  flank  of  the  chain,  a  few  beds  of  fractured  schist  appear- 
ing only  at  intervals.  The  first  counterforts  consist  of  bare,  low  bosses  of  porphyry 
and  trap-breccia,  which  throw  off  and  include  between  them,  red  jaspideous  schists, 
dipping  sharply  to  the  cast.  A  valley  occupied  by  black  earth  succeeds,  from  which 
rises  a  second  ridge,  called  the  Beresoiva-gora  or  Birch-tree  Hill,  with  jaspers  or 
altered  strata  on  its  Banks.  This  mass  consists,  in  the  centre,  of  a  greenish  augite 
porphyry,  with  amygdaloids  on  its  sides,  which  to  the  west  are  flanked  by  a  wall  of 
saccharoid  limestone,  having  a  strike  of  north  and  south  (10°  to  15°  east  of  north). 
A  third  and  lesser  ridge,  called  the  Cherry  Hill,  is  made  up  of  porpbyritic  greenstone 
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and  felspar  rock  on  its  eastern  side,  and  of  slaty  stratified  porphyry  on  its  highest 
points,  dipping  sharply  to  the  east. 

Though  here  of  much  less  altitude  than  in  the  Irendyk,  it  is  thus  evident,  that 
these  low  hills,  which  are  on  the  direct  continuation  of  that  ridge,  are  composed 
of  precisely  similar  intrusive  rocks  and  of  stratified  masses,  having  on  the  whole 
the  same  inclination  and  strike  (see  Map,  PI.  VII.).  A  narrow  valley  is  then 
passed,  which  covered  by  black  earth  on  the  surface,  is  occupied  beneath  by  a 
coarse  and  slightly  auriferous  ancient  alluvia,  which  is  watered  by  the  small  river 
Mindak,  whence  the  ascent  of  the  chief  central  ridge  commences1.  The  eastern 
spur  of  this  ridge,  called  Muchty,  exposes  serpentine,  followed  by  schists  with 
quartzose  veins,  doubtless  those  from  whence  the  gold  alluvia  in  the  adjacent  valley 
have  been  derived  ;  and  after  passing  several  bosses  of  felspathic  and  trapprean 
rocks  with  talcose  schists  having  sahlbands  of  serpentine,  the  summit  is  found  to 
be  composed  of  talcose,  quartzose  and  micaceous  schists,  with  veins  of  quartz,  &c. 
In  an  adjacent  depression,  called  Bursuk,  the  schists  are  black,  with  large  masses 
of  quartz,  both  in  veins  and  concretions,  the  schist  itself  containing  carburet  of 
iron.  These  talcose  and  schistose  rocks,  rolling  over  in  great  flexures  in  which 
the  easterly  dip  is  most  prevalent,  rise  up  into  the  chief  mountain  (Gara-tash*), 
composed  in  great  part  of  glossy  fractured  quartz  rock,  around  the  base  of  which 
the  road  meanders.  These  quartzose  masses,  in  parts  chloritic,  in  parts  micaceous, 
and  having  on  the  whole  a  greenish  tint,  have  so  much  the  aspect  of  primary  rocks 
that  some  portions  of  them  have  been  described  by  Colonel  Helmersen  as  gneiss. 
They  roll  over  (though  the  dip  is  mostly  to  the  east)  and  also  occupy  the  western 
slopes  of  the  mountain  which  descend  by  Uzuk-tash  towards  the  Zavod  of  Bielo- 
rietz. 

To  the  east  of  this  Zavod,  and  also  on  the  banks  of  the  river  near  the  works, 

1  The  northern  prolongation  of  the  Irendyk  is  here  separated  by  this  depression  of  the  Mindak  or 
Mindiak  from  the  heights  of  Gara-tash,  which  arc  the  direct  southern  extension  of  the  ridge,  to  which  in 
the  central  and  northern  mountains  of  the  chain  the  name  of  Ural-tau  is  confined.  Seeing  that  this  latter 
ridge  (Gara-tash,  &c.)  subsides  gradually  iu  its  range  to  the  south  and  is  lost  in  the  elevated  plateau  of 
the  Sakmara,  we  consider  that  from  this  parallel  of  latitude  the  Irendyk  being  the  watershed,  must  be 
riewed  as  the  true  southern  limb  of  the  Hral-tau.  Notwithstanding,  therefore,  the  separation  of  the 
ridges  by  the  narrow  valley  of  the  Mindak,  they  are  here  so  nearly  confluent,  that  the  Muchty  Hill  which 
we  are  describing  may  be  looked  upon  as  a  connecting  link  between  them,  if  the  geographer  wishes  to 
follow  the  most  continuous  line  of  heights  which  separates  the  waters  flowing  to  the  east  and  west. 

«  The  summit  of  Gara-tash  is  2370  French  feet,  or  upwards  of  2500  English  feet  above  the  sea. 
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strong  bands  of  limestone,  for  the  most  part  saccharoidal  and  of  white  colours, 
appear,  and  these  also  have  a  decided  eastern  dip  (10°  north  of  east)  at  angles  of 
45°,  as  if  they  passed  beneath  the  whole  mass  of  the  chloritic  and  quartzose  rocks. 
Towards  the  mountain  this  limestone  is  white,  crystalliue  and  slaty  :  at  the  Zavod, 
somewhat  removed  from  it,  the  rock  is  bluish-grey  ;  and  a  little  to  the  west,  or  still 
further  from  the  axis,  a  similar  limestone  is  found  fairly  encased  between  schists 
which  are  highly  micaceous,  though  less  crystalline  than  in  the  mountains  on  the 
east.  These  beds,  having  the  dominant  strike  of  this  portion  of  the  chain,  or  from 
south  and  by  west  to  north  and  by  east,  pass  into  thick  masses  of  slaty  grey  lime- 
stone, which,  far  removed  from  any  intrusive  rock,  exhibit  a  sufficient  quantity  of 
organic  remains  to  leave  little  doubt  as  to  their  being  of  true  Silurian  age.  Among 
the  corals  were  Favosites  Gothlandira  and  Stromatopora  conccntrica,  whilst  the  chief 
mollusks  were  two  small  Tcrebratuke,  one  of  which  we  cannot  well  distinguish  from 
the  T.  plicatella  of  Gothland,  and  the  other  approaches  near  to  a  form  which  occurs 
with  the  Pentameri  at  Bogoslofsk  and  on  the  Is  (see  pp.  394,  39G). 

Judging  from  their  inclination,  it  would  seem  that  all  these  limestones,  the  whole 
of  which  have  an  easterly  dip,  must  pass  under  the  metamorphic  crystalline  rocks 
of  Gara-tash.  We  have,  however,  repeatedly  shown  in  the  preceding  pages,  that  in 
similar  highly  dislocated  and  altered  masses  of  other  parts  of  the  chain,  it  is  futile 
to  endeavour  to  read  off  the  order  of  the  strata  by  superposition ;  for  to  the  west 
of  Zlataust  and  elsewhere,  as  well  as  in  this  tract,  the  masses  are  often  unques- 
tionably inverted,  the  younger  beds  dipping  under  the  more  ancient.  Seeing,  how- 
ever, that  in  the  parallel  of  Vcrch-Uralsk,  and  wherever  the  igneous  rocks  are  less 
rife,  the  carboniferous  limestone  on  the  eastern  flank  of  the  chain  prevails,  and  that 
as  soon  as  we  recede  westwards  from  the  great  centre  of  disturbance  and  metamor- 
phism  we  meet  with  Silurian  remains,  we  think  that,  by  fair  analogy,  the  included 
masses  may  be  considered  to  have  been  originally  grauwacke  schists,  grits,  fee., 
which,  like  those  on  the  banks  of  the  Screbrianka  and  other  localities,  are  inter- 
polated between  the  Silurian  rocks  properly  so  called,  and  the  carboniferous  lime- 
stones. In  advancing  to  the  west  across  the  Nura,  Yanick,  and  other  rivers, 
which  descending  from  the  slopes  of  the  Yamantau,  Bakty  and  the  prolongations 
of  the  lofty  Ircmcl'  fall  into  the  Bielaya,  we  passed  over  several  low  elevations 

I  The  want  of  time  prevented  our  deviating  from  the  route  to  »«cend  the  Iremel,  or  even  its  southern 
»puni  Bakty  and  Yamantau.  We  fell,  however,  the  lew  reluctance  to  continue  our  route,  became  tbete 
mountain*  bad  been  described  by  Colonel  Hclmeraen.  and  M.  Kbanikoff  had  recently  explaiued  to  ua,  that 
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of  limestone,  calcareous  grit  and  flagstone,  in  which  we  detected  a  few  corals. 
Further  west  and  in  the  parallel  of  the  Kraka  Hills,  which  lay  to  the  south  of  our 
route,  the  limestone,  black  and  slaty  on  fracture  and  associated  with  black  schists, 
was  found,  at  a  little  hamlet  called  Katchu-kova,  to  contain  various  characteristic 
Silurian  types,  such  as  Pentamerus  Voguticus,  probably  the  same  variety  which 
occurs  at  Crasnoi  Glasnova  (p.  364),  Murchisonia,  apparently  the  same  species  as 
on  the  Is  and  at  Nijny  Tagilsk,  with  ill-preserved  Tcrcbratulae,  Turbo,  Encri- 
nites,  &c. 

Again,  if  any  misgivings  had  arisen  coucerning  our  inferences  derived  from 
previous  sections,  that  the  whole  or  nearly  the  whole  of  this  chain  had  once  been 
formed  of  palaeozoic  strata  which  had  subsequently  been  altered  by  metamorphism 
and  eruption,  they  were  at  once  dispelled  by  the  evidences  which  here  presented 
themselves.  To  the  west  of  the  black  Pcntamcrus  limestone  and  schist,  we  met 
with  stony  masses  of  quartz  rock  (altered  sandstone),  in  which  we  detected  casts 
of  Bellerophons  and  Encrinites,  which  gave  to  the  strata  very  much  the  appearance 
of  the  shelly  Caradoc  sandstone  of  the  British  Isles  ;  whilst  in  a  very  short  distance, 
this  same  purple  and  grey  quartz  rock  passed  into  chloritic,  talcosc  and  micaceous 
slates,  having  the  primary  aspect  of  some  of  the  masses  of  the  Gara-tash  mountain 
(see  PI.  IV.).  In  a  country  devoid  of  quarries  and  with  few  abrupt  ravines,  we 
could  not  pretend  to  put  these  various  strata  into  geometrical  order.  It  was 
enough  for  our  purpose  to  find,  that  standing  as  we  here  did  in  the  very  centre  of 
the  South  L'ra),  we  were  surrounded  by  Silurian  fossils,  and  that  the  strata  in 
which  they  were  imbedded  graduated  on  either  side  into  crystalline  and  metamor- 
phic  overlying  masses.  The  rocks  in  which  we  had  found  these  remains  are,  in 
fact,  the  less  elevated  and  less  altered  portions  only  of  deposits,  which  in  their  ex- 
tension to  the  north  or  north-north-east  rise  into  the  culminating  peaks  of  Yaman- 
tau,  Bakty,  trend,  and  Taganai,  &c.  Nor  could  we  cast  our  eyes  to  the  south, 
over  the  rugged  and  lofty  Kraka  Hills  extending  to  the  south  and  by  west,  and 
consider  how  when  prolonged  they  terminate  in  the  plateau  of  Kanikolsk  and 
Preobrajensk  which  we  had  previously  traversed,  without  being  impressed  with 

the  Iremrl  itself  was  composed  of  shuttered  quartz  rock,  in  short  another  Tagauai.  In  the  Appendix  i* 
given  a  list  of  the  heights  nf  the  South  I'ral  and  adjacent  lands  as  prepared  by  M.  J.  Khanikoff,  whose 
admeasurements  of  the  south-western  embranchments  of  the  chain  assign  to  several  points  a  very  consi- 
derable altitude  :  thus  Jamantau  or  Yamantau  b  placed  at  MOO  English  feet  (or  325  feet  higher  than  the 
Iremcl !  which  has  hitherto  been  ranked  a*  the  highest  point  of  the  South  Ural),  Yurma  311 6,  Zilmcrdak 
3137,  Tutcha  3031,  Kali.  2753,  &c. 
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the  belief,  that  the  masses,  which  here  afforded  us  true  evidences  of  their  age,  were 
probably  the  mere  northern  prolongations  of  those  monotonous  and  subcrystalline 
rocks  of  the  great  plateau  of  the  Sakmara,  amid  which  we  had  detected  no  vestiges 
of  them. 

These  Silurian  quartz  rocks  proceeding  from  the  range  of  the  Ircmel  seemed  to 
fold  over  and  form  a  sort  of  axis,  and  to  the  west  they  are  followed  by  slates  having 
the  most  marked  slaty  cleavage  which  we  had  seen  in  the  Ural  chain1.  The  system 
of  schists  and  black  limestone  is  thence  continued  in  undulations,  one  peak  of  quartz 
rock  only,  the  Yuluch-gora,  appearing  on  the  banks  of  the  Bielaya,  just  where  that 
river  turns  to  the  south,  and  flows  to  the  Zavod  of  Uziansk*,— a  grand  and  pictu- 
resque position,  with  high  calcareous  banks. 

Again,  schists,  quartzose  bauds  and  limestone  are  thrown  about  in  undulations 
producing  a  lovely  and  rich  country,  extending  from  the  Uziansk  to  the  Zavod  of 
Avziansk,  but  as  in  this  space  the  road  following  the  river  Bielaya  to  the  south,  runs 
chiefly  in  the  direction  of  the  chain,  we  could  not  look  for  much  variation.  In 
approaching  Avziansk,  however,  we  again  traversed  to  the  west  by  a  rocky  defile, 
which  clearly  explains,  how  much  the  country  is  made  up  of  repetitions  of  a  great 
series  of  sedimentary  rocks.  On  the  eastern  bank  of  the  stream  a  large  mass  of 
thick-bedded  limestone  dips  sharply  to  the  cast,  wliilst  on  the  other,  slaty  lime- 
stones with  calcareous  schists,  &c.  plunge  still  more  rapidly  (70°)  to  the  west.  The 
limestones  are  overlaid  by  calcareous  grits  and  schists,  and  the  latter  by  flagstones, 
and  grey,  purple  and  whitish  grits,  with  a  basis  of  felspar ;  in  parts  almost  a  quartz 
rock.  These  strata  occupy  a  distinct  basin  of  about  a  mile  or  more  in  breadth,  from 
the  western  side  of  which  limestones,  containing  concretions  of  silex,  rise  up  with 
a  rapid  inclination  to  the  east.  Though  we  employed  our  hammers  for  some  time, 
and  traversed  the  sides  and  summits  of  this  little  basin  on  foot,  we  were  to  our 
great  mortification  unable  to  detect  in  it  any  fossils,  yet,  doubtless,  such  may 
be  found  by  persons  who  have  time  at  their  command.  Whilst  they  were  un- 
questionably, from  their  mineral  character,  members  of  the  palaeozoic  series  (for 
they  had  not  a  feature  of  crystalline  or  primarized  rocks),  we  were  unable,  in  the 

1  These  slates,  the  laminte  of  which  marked  by  different  colours  are  crossed  by  cleavage  planes,  occur 
about  four  vcrsts  east  of  the  floating  bridge  of  Perevosnia. 

*  This  Zavod  of  Uziansk  belongs  to  M.J.  Demidoff,  in  the  deep-coloured  limestones  of  which  we  found 
the  Ftwosita  polymorph  and  large  Cyathophyllum,  very  nearly  allied  to  the  C.  diantkm.  These  rocks 
may,  therefore,  be  cither  Devonian  or  Silurian. 
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absence  of  fossils,  to  assign  to  these  limestones  of  Avziansk'  an  exact  place  in  our 
classification.  Seeing,  however,  that  they  are  succeeded  on  the  west  by  schists, 
red  earth  and  quartzose  sandstone  which  rise  out  from  beneath  them,  we  cannot 
consider  them  very  low  in  the  scries,  and  they  most  probably  pertain  either  to  the 
Lower  Devonian  or  Upper  Silurian  formations  (see  Coloured  Section,  PI.  IV.). 

For  some  distance  to  the  west  of  Avziansk,  the  road  leads  over  highly  undulating 
hills,  all  of  them  being  composed  of  quartzose  grauwacke,  schists  and  psammite, 
which  as  they  dip  easterly,  under  the  trough  just  described,  fold  over  to  the  west  at 
Bretag,  and  Priutch  Uisse,  into  the  valley  of  the  Nuguah.  When  contrasted  with 
the  rich  valley  of  the  Bielaya,  these  mountains  have  a  woodland  and  sterile  aspect, 
and  their  highest  summit,  the  Yurma-tau,  is,  according  to  M.  J.  Khanikorf,  3116 
English  feet  above  the  sea.  This,  in  fact,  is  the  most  westerly  of  the  four  dominant 
ridges  of  these  western  embranchments  of  the  Central  Ural,  being  succeeded  on  the 
west,  first  by  the  Kalu,  2755  feet,  aAerwards  by  the  Ala-tau,  about  20OO  feet  high, 
and  lastly  by  the  Akri-tau,  a  somewhat  lower  ridge,  which  forms  the  western  flank 
of  the  whole  chain*.  On  the  whole,  indeed,  these  ridges,  constituting  anticlinal 
domes,  may  be  described  as  hard  quartzose  sandstones,  having  troughs  of  impure 
limestone  between  them,  which  latter  rock  in  the  depression  watered  by  the  Nu- 
gusb,  is  of  grey  and  blue  colours,  with  numerous  white  veins,  and  not  unlike  the 
Devonian  limestone  of  the  North  Ural.  At  the  Bashkir  station  of  Kulghina,  which 
is  on  the  western  slope  of  Kalu,  we  observed  very  regularly  stratified  and  wholly 
unaltered  limestone,  both  red  and  grey,  with  shale,  &c.  dipping  first  slightly  to  the 
west,  and  afterwards  rising  to  occupy  a  trough  in  a  valley  of  some  breadth :  but 
here  also  we  were  unable  to  obtain  fossils.  On  its  western  flank  this  basin  is  suc- 
ceeded by  calcareous  flags,  passing  downwards  into  quartzose  sandstone  of  yellow 

1  We  were  most  hospitably  entertained  at  this  Zavod  of  Petrof-Avziansk,  between  which  and  the 
western  edge  of  the  mountain  of  Akri-tau,  the  country  in  very  wild  and  entirely  inhabited  by  Bashkir*. 

*  We  were  benighted  in  passing  along  the  slopes  of  the  Kalu,  and  cannot  therefore  speak  of  its  struc- 
ture, though  we  believe  it  to  be  composed  of  quartzose  grauwacke.  The  small  horses  of  the  Bashkirs  are 
unequal  to  heavy  labour,  and  eight  of  them  (sometimes  nine),  with  four  riders,  were  deemed  essential  to 
conduct  our  tarnntass  along  this  "  Comment -tract ! "  Our  "  attelage"  measured  forty-five  feet  from  the 
leading  horse  to  the  carriage ;— with  such  long  cords  do  these  wild  people  fasten  on  one  little  pair  of 
horses  before  the  other !  The  relays  of  horses,  boys  and  men,  were  usually  stationed  in  the  glade  at  some 
ferry  or  natural  boundary  upon  our  route.  Wc  recur  with  delight  to  this  very  picturesque  region,  which 
it  would  giTc  us  the  greatest  pleasure  to  revisit  and  work  out  in  detail.  Our  survey  of  it  was  neces- 
sarily hurried ;  for  we  were  then  pressing  on,  in  order  to  reach  the  carboniferous  steppe*  of  the  Donetz 
before  the  close  of  the  summer. 
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and  purple  colours  with  schists  and  conglomerate,  which  latter  rise  up  with  an 
easterly  dip  and  form  the  Ala-tau.  From  this  ridge  we  descended  into  a  broad 
depression  on  the  west,  occupied  by  shale,  and  covered  with  dense  foliage,  on  the 
other  side  of  which  rises  boldly  the  Akri-tau.  Knowing  that  this  was  the  last 
western  ridge  of  the  mountains,  our  anxiety  increased  as  we  approached  it,  to 
discover  some  organic  remains,  by  which  a  key  might  be  had  to  explain  the  age  of 
the  numerous  undulations  over  which  we  had  passed,  from  the  Silurian  axis  of  the 
chain.  The  shale  of  the  valley  to  the  west  of  the  Ala-tau,  forming  a  broad  anti- 
clinal, bends  over  to  the  west  and  passes  beneath  the  Akri-tau,  thus  exhibiting  a 
valley  of  elevation.  Near  the  little  hamlet  of  Derikle,  towards  the  eastern  end  of 
this  depression,  we  found  the  Favosites  polymorpha,  thus  indicating  that  these  cal- 
careous shales  were  either  of  the  Upper  Silurian  or  Devonian  age.  The  lowest  beds 
of  Akri-tau  on  the  west  side  of  the  valley,  are  grey  psammites,  inclined  westwards 
at  32°,  and  the  overlying  mass  of  the  mountain  is  made  up  of  very  striking  ledges 
of  dingy  green  and  yellowish-brown,  slightly  micaceous  sandstone,  much  resembling 
the  Ludlow  rocks  of  England,  where  they  contain  little  calcareous  matter,  as  on 
the  banks  of  the  Wye.  This  external  resemblance  is  carried  so  far,  that  the  sur- 
faces of  the  rocks  are  often  covered  with  the  same  purple  film  of  iron  ore  so 
common  near  Ludlow.  Towards  the  western  slope  of  the  Akri-tau  these  beds  are 
surmounted  by  red,  gritty,  fine  conglomerate,  reddish  hard  quartzose,  green  spotted 
sandstone,  with  hard  purple  and  grey  rocks,  the  whole  of  which  are  really  un- 
distinguishable  from  many  examples  of  the  Scottish  Old  Red  Sandstone.  Having 
before  us  such  analogies  in  mineral  succession,  from  Upper  Silurian  through  Old 
Red  Sandstone,  little  more  was  now  wanting  to  complete  the  belief,  that  the  rocks 
were  really  such,  than  to  find  them  surmounted  by  the  carboniferous  limestone, 
and  in  this  we  were  not  disappointed. 

The  strata  which  succeeded,  and  in  perfect  conformity,  to  the  red  sandstones, 
were  dark-coloured  limestones,  with  Productus  striatus  (Fisch.),  P.  Valdaicus, 
P.  antiquatus  (Sow.),  Lithostrotion  floriforme,  &c.  These  are  followed  by  carbo- 
naceous grits,  which  arc  partially  dislocated,  and  after  a  fault,  the  section  terminates 
towards  the  plains  of  the  Permian  system,  exposing  a  great  thickness  of  white- 
veined  limestones,  of  light  and  dark-grey  colours,  with  courses  of  black  flint,  the 
whole  charged  with  numerous  true  carboniferous  fossils,  including  the  well-known 
Spirifer  Mosyuenris  (Fisch.),  Terebratula  lamellosa  (Spir.  id.  Lev.),  and  corals,  &c. 
The  fortunate  discovery  of  these  fossils,  in  the  uppermost  band  of  these  mountains, 
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assured  us,  that  the  rocks  immediately  helow  them  were  truly  of  Devonian  age,  par- 
ticularly  when  coupled  with  the  fact,  that  in  the  central  ridges  of  the  chain  we  had 
found  true  Silurian  types.  Other  geologists  who  follow  us,  and  who  may  have 
more  time  at  their  disposal,  will,  we  feel  confident,  till  up  the  lacuna?  in  the  proofs 
of  succession,  hy  collecting  fossils  in  the  interjacent  calcareous  zones,  where,  for 
want  of  time,  we  could  not  detect  them. 

The  strike  of  the  beds  in  the  Akri-tau  and  adjacent  ridges  being  from  10°  east 
of  north  to  10°  west  of  south,  this  geological  direction  is  in  perfect  harmony 
with  the  geographical  alinement  of  these  sedimentary  masses,  which  constitute  the 
expanded  flanks  of  the  South-western  Ural,  and  which  are  made  up  of  a  number 
of  folds  slightly  divergent  from  the  main  ridge  of  eruptive  matter,  from  which  the 
further  they  recede,  the  more  are  they  found  to  assume  their  ordinary  sedimentary 
characters. 

The  remainder  of  this  important  transverse  section  to  the  west,  as  expressed  in 
PI.  IV.,  shows,  first,  a  trough  of  gypseous  Permian  rocks  ;  then  the  striking  car- 
boniferous outlier  of  Tcheke-tau,  close  to  the  town  of  Sterlitamak,  replete  with 
carboniferous  fossils  (see  p.  130) ;  and,  lastly,  an  ascending  order  into  the  full  de- 
velopment of  the  Permian  strata,  as  exposed  in  the  environs  of  Bielebci,  where  they 
have  been  previously  described,  p.  151 '. 

Conclusion. — After  the  details  in  this  and  the  preceding  chapters,  we  now  ask 
our  readers  to  consider  with  us,  for  a  moment,  what  have  probably  been  the  move- 
ments and  mutations — what  the  original  structure  of  these  mountains. 

No  geologist  can  have  traversed  the  chain  in  the  south-western  parallel,  which 
has  just  been  described,  and  seen  the  ridges  gradually  open  out  with  wider  sweeps 
and  broader  valleys  as  they  recede  from  the  axis,  without  being  led  to  think,  that 

1  Wc  had  made  ourselves  thoroughly  acquainted  with  all  the  detail*  of  the  mountain  limestone  on  the 
eastern  flanks  of  the  Ural  near  Sterlitamak,  including  the  outlier  of  Tchke-tau.  before  wc  visited  our  hos- 
pitable friend  Major  Wangcnhcim  von  Qualcn  at  the  Zavod  of  Troitsk,  near  Bielebei.  A»  we  were  thu» 
the  first  to  establish  along  this  frontier  a  clear  base-line  for  the  Permian  deposits,  and  thus  to  unravel 
their  real  age,  at  a  time  when  others  were  wholly  unacquainted  with  it,  we  were  rather  surprised  to  find 
that  a  year  after  wc  quitted  the  country.  Major  Wangcnhcim  published  a  geological  sketch  (Verhandl.  der 
Kais.  Russ.  Mineralog.  Gesells.  *u  St.  Petersburg,  1843,  p.  1).  in  which  he  announced  this  emergence  of 
the  carboniferous  rocks  as  a  discovery  of  his  own.  Our  work  has,  indeed,  been  a  long  time  in  preparation, 
but  the  chapter  which  describes  the  Tcheke-tau,  p.  130,  as  well  as  memoirs  read  to  the  Geological  Society, 
were  printed  long  before  Major  Wangenheim's  paper.  He  was,  indeed,  entirely  ignorant  of  the  relations 
in  question  when  wc  visited  him,  anil  begged  us  to  explain  the  succession  of  the  strata. 
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an  intense  movement  having  been  communicated  to  the  central  ridge,  certain  wave- 
like undulations  to  which  the  whole  has  been  subjected,  were  necessarily  most  rapid 
towards  that  disturbing  centre,  and  gradually  died  away  as  they  receded  from  it. 
In  short,  the  views  which  American  geologists  have  so  admirably  worked  out  in 
the  Apalachian  chain1  may,  we  think,  be  considered  equally  striking  in  the  South- 
western Ural.  Thus,  in  the  tract  between  Verch-Uralsk  and  Bieloretzk,  highly 
metamorphosed  strata,  with  many  intrusive  rocks,  are  thrown  about  in  rapid 
undulations,  forming  high  mountains,  steep  slopes  and  deep  valleys  (see  coloured 
section,  PI.  IV.).  Next  we  meet  with  Silurian  strata  rolling  over  in  numerous 
folds,  which  expand  into  the  wider  troughs  of  Uziansk  and  Petrofsk.  These  un- 
dulations becoming  wider,  and  the  ridges  decreasing  in  altitude  as  they  recede  from 
the  axis,  the  whole  series  terminates  on  the  west,  in  the  broad  trough  between  the 
Akri-tau  and  Tcheke-tau.  Again,  with  this  expansion  and  retrocession  from  the 
chief  axis,  and  with  the  diminution  in  altitude,  the  crystalline  characters  of  the 
chain  gradually  disappear.  The  limestones  part  with  their  saccharoid  and  slaty 
aspect,  the  mica  schists  pass  into  micaceous  flagstones,  the  quartz  rocks  into  con- 
glomerates and  psammites,  and  thus  the  observer  is  regularly  conducted,  with  few  if 
any  discordant  or  unconformable  junctions,  from  a  crystalline  nucleus  into  ordinary 
sedimentary  masses.  Though  partaking  more  of  a  general  description  than  we 
could  wish,  such  we  feel  confident  is  the  true  picture  of  this  portion  of  the  Ural. 

Interstratified  as  these  palaeozoic  sediments  have  been,  in  other  parallels,  with 
large  bands  of  igneous  matter,  which  we  believe  to  have  been  coeval  with  their 
accumulation,  and  afterwards  cut  through  in  many  places  by  intrusive  rocks  which 
have  altered  their  original  character,  and  often  highly  mineralized  them,  it  is  im- 
practicable to  draw  a  well-defined  base-line  for  this  greatly  contorted,  broken  and 
often  inverted  series.  In  one  spot  only,  have  we  detected  true  Lower  Silurian 
shells :  even  the  upper  members  of  that  system  are,  for  the  most  part,  mere  detached 
masses  of  limestone,  which,  along  the  eastern  flank  of  the  chain,  being  pierced  on 
all  sides,  and  surrounded  by  eruptive  rocks  with  much  serpentine,  constitute  one 
of  the  chief  auriferous  zones,  to  which  we  shall  presently  advert.  In  several  sec- 
tions on  both  flanks  of  the  chain,  we  have,  indeed,  shown  a  succession  through  a 
large  Devonian  series  to  carboniferous  limestones ;  whilst  in  other  places,  as  in  the 
eastern  steppes,  the  lower  of  these  two  formations  is  either  covered  up  by  eruptive 

'  "On  the  Physical  Structure  of  the  Apalachian  Chain,"  by  Profewor.  W.  B.  and  H.  D.  Roger.. 
OW  Awoc.  Amcr.  Geo!.,  1840-42,  p.  474.) 
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matter,  or  is  so  metamorphosed  that  the  earliest  traces  of  life  which  can  be  ob- 
served occur  in  the  carboniferous  Btrata.  Accurately  and  rigidly  to  determine  the 
boundaries  and  passages  of  such  highly  mineralized  products,  must  be  the  result  of 
long  and  minute  geological  labour.  We  have  chiefly  restricted  our  efforts  to  the 
development  of  the  original  constitution  of  the  chain,  and  the  enormous  amount  of 
metamorphism  and  disturbance  which  large  portions  of  it  have  undergone. 

One  of  the  facts  most  worthy  of  the  attention  of  geologists  which  have  been  ob- 
tained by  researches  in  the  Ural  Mountains,  is  the  very  frequently  inverted  dip  of 
the  strata  where  they  approach  the  axis  ;  the  formations,  which  we  know  to  be  of 
younger  age,  being,  as  it  were,  succeeded  in  ascending  order  by  those  which  were 
deposited  before  them.  This  phenomenon,  far  from  being  peculiar,  is,  however, 
of  frequent  occurrence  along  the  sides  of  other  ridges,  where  masses  of  eruptive 
matter  have  been  ejected  in  the  contiguity  of  sedimentary  deposits.  We  have 
before  adverted  to  a  similar  phenomenon  upon  the  northern  flank  of  the  Eastern 
Alps',  where  the  cretaceous  and  Jurassic  deposits  along  a  line  of  great  extent,  are 
so  inverted,  as  to  dip  under  the  crystalline  and  more  ancient  rocks,  and  a  like 
order  is  well  known  to  those  who  have  examined  the  Alps  of  Savoy.  In  a  former 
publication  we  accounted  for  the  inversion  of  the  Silurian  strata  on  the  western 
flank  of  the  Malvern  Hills,  in  the  manner  suggested  many  years  ago  by  Mr.  Leonard 
Horner,  by  supposing  that  those  strata  were  not  only  raised  into  a  vertical  position 
by  the  outburst  of  the  contiguous  syenite,  but  were  also  thereby  thrown  further 
over  or  backwards*.  Such  an  explanation  may,  doubtless,  suffice  in  cases  analo- 
gous to  the  example  of  the  Malvern  Hills,  where  the  same  strata  can  be  followed 
from  inverted  to  vertical,  and  therefrom  to  normal  positions.  In  the  much  grander 
examples,  however,  of  the  Alps  and  the  Ural  Mountains,  where  long  linear  masses 
occur  in  such  positions  on  several  parallels  and  at  considerable  distances  from  the 
great  axis  of  eruption,  it  would  seem  that  an  easier,  if  not  more  rational  solution 
of  the  problem  is  offered  by  supposing,  that  the  emission  of  as  much  molten  matter 
from  the  interior  of  the  earth  as  would  form  the  chief  and  central  ridges  of  the 
mountains,  may  have  left  cavities  occupied  for  a  time  only  by  gaseous  vapours,  into 
which  the  ends  of  the  strata,  fractured  on  lines  parallel  to  the  line  of  disturbance,  may 
have  fallen,  thus  producing  their  inverted  position  by  a  simple  movement  of  lateral 
depression  towards  the  cavity  left  by  the  outburst  of  the  erupted  masses.    In  other 

'  Gcol.  Train,  vol.  iii.  p.  303.        •  Geol.  Trana.  Old  Ser.  vol.  i.  p.  -281;  and  Silur.  Sytt.  p.  423. 
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words,  as  the  moving  agent  was  fluid  plutonic  matter,  we  may  naturally  imagine 
that  it  was  connected  with  deeply-seated  lateral  sheets  of  similarly  molten  mate- 
rials, which  flowing  towards  the  central  liue  to  fill  up  the  space  previously  occupied 
by  the  elevated  axis,  may  have  caused  the  cavities  in  question.  In  suggesting 
this  hypothesis  for  consideration,  we  shall  further  illustrate  it  in  the  Appendix. 

If  some  persons  be  disposed  to  think,  that  certain  of  the  Uralian  crystalline  rocks, 
particularly  those  which  appear  on  various  parallels  on  the  Asiatic  side  of  the  axis, 
may,  like  the  azoic  rocks  of  Sweden  (Chap.  I.),  have  been  formed  during  a  period 
anterior  to  that  to  which  the  term  pala;ozoic  ought  to  be  applied,  we  are  at  once  at 
issue  with  them.  The  cases  are,  in  truth,  wholly  dissimilar.  In  Scandinavia,  as 
has  been  shown,  there  exist,  at  intervals,  true  Lover  Silurian  rocks,  containing  a 
copious  list  of  the  organic  remains  belonging  to  the  earliest  ascertained  aera  of 
animal  creation,  which  are  there  seen  to  repose  UHConformably  upon  crystalline 
stratified  rocks  of  an  entirely  distinct  character,  and  with  completely  discrepant 
lines  of  bearing — anterior,  therefore,  to  the  lowest  known  palaeozoic  sediments. 
In  the  Ural,  on  the  contrary-,  though  Carboniferous,  Devonian  and  Upper  Silurian 
strata,  either  succeed  each  other  regularly,  as  on  the  western  side,  or  appear  in 
oases  on  the  eastern,  where  they  have  been  torn  into  fragments  by  bands  of  erup- 
tive matter,  it  is  at  one  or  two  spots  only,  that  any  traces  of  Lower  Silurian  beds 
can  be  detected.  That  such  have  existed,  however,  is  proved  by  these  very  ex- 
ceptions, and  we,  therefore,  believe  that  along  the  central  crest,  where  igneous  out- 
bursts have  been  most  intense,  and  where,  therefore,  the  lowest  sediments  have  been 
most  upheaved,  inverted  and  altered,  limestones,  sandstones  and  schists,  which  at 
one  period  may  have  resembled  those  of  the  Lower  Silurian  of  Sweden  and  of 
the  government  of  St.  Petersburgh,  have  been  converted  into  crystalline  limestone, 
chloritic  and  micaceous  schists  and  quartz  rocks.  We  draw  this  inference,  not 
only  because  the  quartz  rock  and  the  chlorite  schist  are  seen  to  graduate  into  and 
inclose  subordinate  calcareous  masses,  which  still  present  traces  of  organic  remains, 
but  also  because  throughout  the  chain,  the  whole  series  of  rocks,  from  the  most 
unaltered  carboniferous  deposits  on  the  western  flank,  to  the  most  highly  altered 
Silurians,  as  well  as  the  crystalline  metatnorphic  rocks  of  the  axis,  are  all  parallel 
to  each  other,— all  so  graduate  into  each  other,  and  are,  in  short,  so  interlinked, 
that  wc  can  nowhere,  as  in  Sweden,  obtain  a  definite  base-line  which  exhibits  the 
lowest  stages  of  animal  life  as  completely  separated  from  an  anterior  state  of  things. 
On  the  contrary,  in  the  Ural  Mountains,  when  wc  try  to  reach  Lower  Silurian  ves- 
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tiges,  the  record  is  usually  defaced,  though  the  walls  arc  still  standing,  on  which, 
according  to  the  sequence  in  other  countries,  we  ought  to  be  able  to  decipher  it. 

But  let  us  not  be  misunderstood.  Looking  to  the  British  Isles,  we  well  know, 
that  there  are  large  tracts  in  them,  where  schistose  deposits  of  considerable  thick- 
ness, void  of  fossils,  and  also  much  associated  with  rocks  of  igneous  origin,  underlie 
strata  in  which  Lower  Silurian  remains  have  been  detected,  and  which  yet  preserve, 
like  those  of  the  Ural,  a  general  parallelism  to  the  fossiliferous  rocks  above  them. 
We  would  not,  therefore,  dogmatically  contend,  that  in  the  convulsed  and  crystal- 
line centre  of  the  Ural,  there  may  not  have  existed  some  such  sedimentary  masses 
which  also  were  accumulated  before  the  creation  of  the  animals  of  the  Lower  Si- 
lurian type.  Recurring,  however,  to  the  facts,  that  all  the  sedimentary  and  meta- 
morphic  masses  of  these  mountains  preserve  one  to  the  other  a  perfect  parallelism 
of  direction  .  that  the  altered  rocks  are  seen  to  graduate  into  the  unaltered  ;  that 
the  most  altered  occasionally  envelope  parallel  bands  of  limestone  with  organic 
remains  ;  and,  lastly,  that  though  a  patch  or  two  of  true  Lower  Silurian  strata  are 
still  recognizable,  the  regular  place  where,  according  to  the  established  law  of 
succession,  such  protozoic  beds  ought  to  appear,  is  commonly  taken  by  rocks 
which  have  undergone  metamorphism  and  mineralization,  through  the  evolution 
of  igneous  matter  along  a  great  meridian  fissure,  we  think  we  are  fairly  sustained, 
both  by  direct  evidence  and  fair  analogy,  in  maintaining,  that  the  original  deposit* 
out  of  which,  in  conjunction  with  eruptive  matter,  the  Ural  Mountains  have  been 
formed,  belonged  chiefly  to  one  great  palaeozoic  a?ra,  made  up  of  the  Silurian, 
Devonian  and  Carboniferous  systems. 

From  our  own  researches  and  those  of  others  to  the  east  of  the  chain,  we  are 
disposed  to  draw  exactly  the  same  conclusions  in  respect  to  the  adjacent  rocks  of 
Siberia ;  for  although  the  characters  of  the  last  intrusive  rocks  are  different,  and 
though  in  some  places  granites  (rocks  very  rarely  seen  in  the  Central  Ural)  usurp  wide 
spaces  in  the  lower  ridges  or  Asiatic  plateaux,  we  are  unacquainted  with  a  single 
phenomenon  which  can  shake  our  belief,  that  all  these  granitoid  rocks  (whether  at 
Verkhoturie,  Ekaterinburg,  Miask,  or  in  the  steppes  of  Troitsk)  were  emitted  after 
the  completion  of  the  Carboniferous  system,  and  for  the  most  part  were  posterior 
to  the  greenstones  and  other  eruptive  rocks  of  the  Ural.  Trending  parallel  to 
the  Ural  chain,  and  therefore,  in  a  broad  sense,  forming  one  of  its  appendages, 
these  granitic,  syenitic  and  associated  rocks  are  essentially  to  be  distinguished 
from  the  old  crystalline  rocks  of  Scandinavia,  and  must  be  viewed  as  of  the  saint- 
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age  as  those  of  Christiania  in  Norway,  which  have  there  also  burst  through  pa- 
laeozoic deposits. 

Reverting  to  the  probable  original  structure  of  this  chain  ;  let  not  geologists  be 
appalled,  when  we  call  upon  them  to  regard  the  chief  crystalline  axis  of  the  Ural,  as 
an  equivalent  (for  the  most  part)  of  the  Silurian  strata.  We  can  assure  them,  that 
so  far  from  being  a  mass  of  too  great  dimensions  fairly  to  represent  such  deposits, 
all  the  lower  Uralian  rocks  united,  are  but  feeble  in  thickness,  when  compared  with 
the  grand  Silurian  series  of  Britain ;  which,  as  is  now  well  understood,  occupies 
the  whole  principality  of  Wales  and  several  of  the  adjacent  English  counties. 
Instead  of  being  compelled  to  call  for  the  presence  of  the  many  thousand  feet  of 
SUurian  sediment  which  there  exist,  in  order  to  construct  the  narrow  central  ridge 
of  the  Ural,  the  latter  mountains  expose  at  intervals,  within  themselves  alone,  abun- 
dant sedimentary  materials  out  of  which  all  their  crystalline  schists  and  quartz 
rocks  may  have  been  formed.  In  a  word,  by  comparing  different  portions  of  this 
chain,  and  by  following  its  masses  upon  their  strike,  we  are  assured,  that  the  same 
zone  which  in  one  tract  has  a  mechanical  aspect  and  is  fossiliferous,  graduates,  in 
another  parallel  of  latitude,  into  a  metamorphosed  crystalline  condition,  whereby 
not  only  the  organic  remains,  but  even  the  original  impress  of  sedimentary  origin 
are  to  a  great  degree  obliterated.  In  this  respect,  therefore,  the  Ural  may  be  com- 
pared with  many  other  regions,  and  notably  with  the  Cumbrian  or  lake  region  of 
the  British  Isles,  where,  as  before  said  ,  the  equivalent  of  the  great  mass  of  the 
Lower  Silurian  rocks  is  composed  of  crystalline  slaty  masses,  alternating  with  much 
igneous  matter ;  all  those  records  of  the  most  ancient  beings  in  the  palaeozoic 
succession,  which  are  so  clearly  exhibited  in  Wales  and  Siluria,  being  no  longer 
traceable. 

We  may  now  conclude  this  long  chapter  with  a  few  words  upon  the  direction  of 
the  chief  Uralian  rocks.  The  geologist  who  inspects  our  Map,  or  who  has  fol- 
lowed our  descriptions,  can  scarcely  have  failed  to  perceive,  that  although  these 
mountains  have,  upon  the  whole,  what  must  be  called  a  meridian  direction,  dif- 
ferent portions  of  them  are  subject  to  considerable  aberrations  from  that  line. 
Thus  from  the  Arctic  Ural,  in  latitude  64°  to  latitude  55£°,  the  dominant  ridge 
ranges  from  north  and  by  west  to  south  and  by  east  j  occasionally  the  strata  on 
either  flank  of  the  axis  having  a  strike  of  25°,  30°,  and  even  35°  west  of  north.  In 


1  See  Introductory  matter.  Chapter  I. 
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the  South  Ural,  on  the  contrary,  the  great  radiating  western  branches  trend  from 
north-north-east  to  south-south-west ;  and  whilst  the  chief  axis  in  the  Irendyk,  with 
numerous  masses  on  the  west  of  the  Sakmara  and  in  the  line  of  the  Ural  river,  holds 
its  course  to  the  south,  many  of  the  rocks  which  flank  it  on  the  east,  resume  the 
prevalent  strike  of  the  strata  in  the  North  Ural,  and  trend  from  north-north-west  to 
south-south-cast.  Seeing  that  the  interstratified  and  contemporaneous  igneous 
rock?  which  appear  at  the  Katchkanar  and  other  places  along  the  crest  of  the 
chain,  have  the  same  direction  as  the  adjacent  sedimentary  masses,  we  believe  that 
the  meridian  alinemcnt  of  the  ridge  began  to  be  impressed  upon  it  at  the  very 
earliest  period  when  the  original  sediments  were  formed ;  in  other  words,  that 
from  the  most  primaeval  traceable  period,  there  has  been  a  fissure  more  or  less  de- 
vious from  the  meridian,  by  which  igneous  matter  has  been  extra vasated  at  different 
periods.  If  our  own  observations  were  not  adequate  to  establish  this  point,  our 
readers  may  draw  the  same  conclusions  from  the  writings  of  Baron  Humboldt, 
as  well  as  from  the  details  of  Mr.  G.  Rose,  in  his  description  of  certain  stratified 
masses  which  lie  between  Nijny  Tagilsk  and  the  crest  of  the  chain'.  Humboldt, 
Rose,  Helmersen  and  Le  Play,  all,  indeed,  concur  in  showing  the  prevalence  of  the 
latter  rock  along  this  crest  of  the  Ural,  and  even  upon  its  western  side,  where  it  is 
succeeded  by  black  dolomites,  occasionally  fossiliferous,  associated  with  chlorite 
and  talc  schists. 

There  were,  then,  we  conceive,  plutonic  evolutions  of  slaty  hornblende  rock 
during  the  earlier  portion  of  the  Silurian  period  all  along  this  great  fissure,  and 
these,  after  periods  of  repose,  were  followed  by  outbursts  of  greenstone,  porphyry 
and  other  eruptive  rocks.  The  effects  produced  during  one  of  these  periods  of 
disturbance,  are  partially  seen  in  a  few  conglomerates  of  the  Old  Red  Sandstone  or 
Devonian  age,  as  well  as  in  the  fragmentary  and  altered  condition  of  the  Upper 
Silurian  limestones  along  the  eastern  flank  of  the  chain.  Again,  an  agitation  of 
this  chain  is  distinctly  marked  by  the  coarse  conglomerates  at  the  close  of  the  car- 
boniferous age,  which  from  the  very  nature  of  their  materials,  must  at  one  time 
have  been  deposited  in  shallow  water  and  positions  more  or  less  horizontal.  In 
such  positions,  indeed,  they  are  still  found,  when  remote  from  the  eruptive  axis  j 
but  on  approaching  that  line  of  igneous  disturbance,  these  very  beds  (in  one  portion 
of  the  mountains)  are  thrown  upon  their  edges,  in  the  manner  which  we  have 

'  M.  Ro««  has  there  described  two  long  linear  masses,  the  one  of  limestone  in  a  highly  granular  state, 
the  other  of  conformably  interstratified  hornblende  slate. 
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pointed  out  in  the  Guberlinski  Hills  of  the  South  Ural,  where  they  have  precisely 
the  strike  and  direction  of  the  more  ancient  and  adjacent  masses  of  the  chain. 

That  the  Silurian,  Devonian  and  Carboniferous  rocks  have  all  been  disturbed  and 
affected  in  parallel  lines,  has  been  shown  in  repeated  sections,  though  the  directions 
of  the  very  same  strata  in  distant  parts  of  the  chain  differ  from  each  other  in  their 
bearing  to  the  extent  of  35°  or  even  40°.  Still,  however,  throughout  the  North 
Ural,  the  beds  of  all  the  formations,  when  examined  in  the  same  tract,  arc  usually 
parallel  to  each  other  from  the  centre  of  the  chain  to  its  extreme  flanks. 

The  point,  however,  to  which  we  would  now  specially  point  attention  is,  that 
not  only  these  older  palaeozoic,  but  even  the  younger  Permian  deposits,  which  in 
many  parts  lie  in  horizontal  strata  against  the  edges  of  the  upturned  older  pakeozoic 
rocks,  out  of  whose  debris  they  have  been  formed,  have  for  considerable  distances 
been  affected  upon  lines  of  elevation  parallel  to  those  of  more  ancient  date.  In  the 
South  Ural  we  have  shown,  that  similar  deposits  on  the  opposite  flanks  of  the  chain 
have  assumed  fan-like  directions  over  considerable  spaces,  and  that  whilst  on  the 
Europeau  side  of  the  axis,  the  Silurian,  Devonian  and  Carboniferous  rocks  trend 
to  the  west  of  south,  on  the  east  side,  or  along  the  valley  of  the  Ural,  the  carbo- 
niferous formations  strike  to  the  east  of  south.  This  is  observed,  however,  where 
the  mountains  spread  out  into  a  considerable  width,  and  such  aberrations  are  not 
persistent ;  for  when  viewed  on  a  great  scale,  the  meridian  direction  is  resumed 
near  the  extreme  flanks  of  the  South  Ural,  and  is  maintained  both  in  the  line  of 
eruption  of  the  Kara  Edir-tau  and  the  Mugodjar  Hills  on  the  east,  and  in  the  Gu- 
berlinski and  Urkatch  Hills  on  the  west,  which  uniting  in  Mount  Airuk  are  thus 
seen  to  constitute  one  great  zone  of  meridian  eruption,  as  indicated  by  Humboldt 
(see  Map,  PL  VI  ). 

Another  feature  to  which  we  may  now  advert  is,  that  on  the  south-western  flank 
of  the  Russian  Ural,  or  in  all  the  country  extending  north  and  south  across  the 
rivers  Sakmara  and  Ik,  and  along  the  north  and  south  fissure  of  the  Bielaya,  the 
Permian  conglomerates  and  sandstones  range  parallel  to  the  bands  of  carboniferous 
limestone,  and  have  been  thrown  into  positions  more  or  less  conformable  to  them. 
The  highly  inclined  outliers  of  carboniferous  Umestone  which  appear  along  that 
line,  are  sharply  elevated  axes  or  domes,  which  in  their  movements  have  also 
raised  up  the  Permian  deposits,  in  directions  parallel  to  the  outer  edge  of  the  Ural 
chain.  Thus,  whilst  the  gypseous  Permian  beds  lie  in  horizontal  and  undis- 
turbed masses  against  the  chief  mass  of  the  carboniferous  limestone,  which  really 
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forms  the  outer  wall  of  the  Ural  chain,  the  very  same  limestone  is  thrown  up 
through  the  Permian  deposits,  which  are  also  dislocated,  in  the  remarkable  outliers 
of  Tcheketau,  &c.  near  Sterlitamak.  The  whole  of  the  hilly  tract  of  Permian 
Btrata  bounded  on  the  cast  by  the  river  Ik,  and  on  the  west  by  the  Ushatirka,  and 
ranging  southwards  across  the  Sakmara  to  the  Ural  river ;  in  short,  all  the  south- 
western couuterforts  of  the  Ural  chain  are  made  up  of  sandstones,  conglomerates 
and  limestones  of  the  Permian  age,  which  have  been  affected,  though  in  a  less 
degree,  upon  lines  parallel  to  the  carboniferous  limestone.  In  a  hill  upon  the  right 
bank  of  the  Ik,  a  tributary  of  the  Sakmara,  near  Spaskoi,  the  sandstones  are  up- 
wards of  1300  English  feet'  above  the  sea  :  and  in  Mount  Girialsk,  between  the 
Sakmara  and  Ural  rivers,  where  they  are  1085  English  feet  high,  these  conglome- 
rates strike  north-north-west,  south-south  east,  and  are  inclined  to  the  west  at 
angles  of  35°.  In  a  word,  they  are  there  conformable,  not  only  to  the  carboni- 
ferous limestone  (see  p.  146),  but  have  exactly  the  same  strike  as  the  chief 
masses  of  older  rocks  which  constitute  the  Southern  Ural  in  that  parallel  of  lati- 
tude. In  directing  attention,  however,  to  these  relations,  we  are  quite  aware  of 
the  necessity  of  drawing  a  marked  distinction  between  the  earlier  dislocations  and 
alterations  which  affected  the  Uralian  chain,  properly  so  called,  and  those  which 
have  occurred  subsequently  on  its  flanks,  and  on  lines  parallel  to  it.  The  latter 
pertain  to  geological  casualties  of  a  minor  order  of  intensity  ;  for  although  these 
flanking  Permian  strata  and  the  carboniferous  limestones  which  pierce  them,  have 
been  thrown  up  on  outlying  parallels,  the  older  or  carboniferous  deposit,  in  such 
positions,  never  exhibits  the  same  altered  or  dislocated  condition  as  in  the  Ural 
Mountains,  in  no  portion  of  which  have  the  Permian  deposits  ever  been  detected. 

From  all  these  facts,  then,  we  have  come  to  the  same  conclusions  as  those  at 
which  we  arrived  after  an  examination  of  the  Silurian  region  of  the  British  Isles  ; 
— that  whatever  may  have  been  the  direction  of  an  ancient  fissure  in  the  crust  of 
the  earth  (we  here  include  all  partial  deviations  and  embranchments  dependent 
thereon),  other  parallel  outbursts  and  upheavals  have  naturally  taken  place  along 
the  same  line  at  subsequent  epochs.  That  repetitions  of  such  a  phenomenon  ought 
in  all  probability  to  have  occurred  along  the  same  lines — those  of  least  resistance — 
through  which  molten  matter  had  been  habituated  to  find  its  way  to  the  surface,  is 
what  any  one  who  reasons  from  existing  analogies  might  be  led  to  expect ;  and  that 
it  has  been  so  along  the  chief  direction  of  the  palaeozoic  deposits  of  Wales  and  En- 

1  These  height*,  like  moit  of  those  given,  arc  taken  from  Colonel  Helroersen's  observation.. 
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gland  from  the  earliest  Silurian  period  to  the  Carboniferous  a?ra  included, — in  one 
instance,  indeed,  to  the  close  of  the  New  Red  Sandstone*,  and  in  the  Ural  Moun- 
tains from  the  Silurian,  till  after  the  Permian  period, — are  facts  which  it  is  import- 
ant to  record. 

Lastly,  if  throughout  the  whole  chain  of  the  Ural  we  can,  from  the  direction  of 
the  deposits  alone,  make  no  distinction  as  to  epochs  of  dislocation,  still  less  can 
we  attempt  to  do  so  when  we  turn  to  the  Timan  range,  which,  though  trending  for 
500  miles  from  north-east  to  south-west,  consists,  as  we  have  shown,  of  palaeozoic 
rocks  of  the  same  age  as  those  of  the  Ural  ;  the  only  distinction  being,  that  along 
no  portion  of  that  low  ridge  are  the  Permian  deposits  affected,  as  along  the  south- 
western flank  of  those  mountains. 


P.S.  In  alluding  to  the  inverted  position  of  strata,  we  ought  not  to  forget  the 
remarkable  case  cited  in  North  Wales,  where  along  a  considerable  space  in  Mont- 
gomeryshire and  Radnorshire,  the  Upper  Silurian  rocks  either  dip  under  or  abut 
against  what  are  now  known  to  be  Lower  Silurian,  but  which,  from  want  of  suffi- 
cient examination,  were  formerly  supposed  to  be  distinct,  and  were  then  called 
Cambrian.    (See  Silurian  System,  p.  309,  and  Chap.  I.  of  this  work.) 


1  See  Silurian  System,  p.  294  et  seq. 
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ANCIENT  SURFACE  OF  THE  URAL  MOUNTAINS  AND  THE 
ADJACENT  COUNTRIES.— GOLD  AND  MAMMOTH  ALLUVIA. 

Introductory  View,  showing  the  Mineral  condition*  of  the  Ural  Chain  when  the  Palao- 
zoic  Conglomerates  were  formed.— No  trace  of  Gold  or  Platinum  in  the  ancient 
Cupriferous  detritus  on  the  West,  nor  in  the  Tertiary  Grits  on  the  East  Flank  of  the 
Chain. — The  present  Watershed  and  the  Gold  Ore  both  formed  during  a  compara- 
tively modern  period. — Auriferous  Alluvia  at  the  Mines  of  Berezovsk. — The  De- 
tritus of  Gold  veins  and  Mammoths'  bones  therein. — Mines  of  Chrestovodsvisgensk 
with  Gold  and  Diamonds. — Mines  of  Peshanka  near  Bogoslofsk  with  Gold,  Mam- 
moths' bones,  Src. — Ores  of  Platinum  as  well  as  of  Gold  occasionally  formed  by  dif- 
fusion through  the  Rocks. — Auriferous  and  Mammoth  detritus  along  the  East  Flank 
of  the  Chain  to  Soimanofski  Zavod.— Great  richness  of  similar  accumulations  south 
of  Miask. — No  traces  of  action  of  the  sea  on  the  East  Flank  of  the  Chain  from  after 
the  Paleozoic  period  to  the  present  day. — The  Gold  Shingle  of  the  Ural  and  its 
overlying  Clay  formed  in  the  Lakes  of  an  ancient  Siberian  Continent,  where  the 
Mammoths  and  other  extinct  Animals  lived. — The  fossil  Mammalian  Remains  carried 
for  ages  into  Lakes  and  Rivers,  and  thence  into  Estuaries  and  the  Northern  Sea. — 
Their  final  destruction  probably  caused  by  the  last  elevations  of  the  Ural. — The 
Remains  of  fossil  Animals  in  the  Drift  of  European  Russia  considered. — The  sup- 
posed preservation  of  the  Bos  Urus  to  the  present  day  explained. — Relative  changes 
of  Sea  and  Land  considered. 

The  reader  will  already  have  seen,  that  just  as  surely  as  one  sediment  has  suc- 
ceeded to  another  in  the  Ural  Mountains,  so  have  certain  igneous  evolutions  and 
changes  taken  place  at  different  periods,  by  which  conglomerates  were  successively 
formed  upon  their  shores.    Thus,  for  example,  we  have  already  shown,  that  the 
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formation  of  magnetic  iron  was  coincident  with  the  outburst  of  one  sort  of  trappacan 
rock  (greenstone  porphyry),  which  however  posterior  to  stratified  and  other  igneous 
rocks,  was  in  itself  succeeded  by  copper  ore  and  serpentine,  whilst  the  latter  has 
been  subsequently  cut  through  by  syenites  and  grauites. 

Amid  the  results  of  these  various  disturbances,  wc  will  now  endeavour  to  indi- 
cate the  period,  at  which  the  rocks  of  the  Ural  were  impregnated  with  gold,  and 
when  the  auriferous  alluvia  were  formed.  Looking  at  the  Ural  as  a  great  meridian 
chain,  we  have  already  shown,  that  the  palaeozoic  and  sedimentary  deposits  of 
which  its  central  ridge  and  eastern  parallels  essentially  consisted  have,  to  a  great 
extent,  parted  with  their  original  characters,  and  have  usually  assumed  a  crystalline 
aspect.  Issuing  from  the  summit  and  eastern  edge  of  this  metamorphic  mass, 
eruptive  rocks  form  the  culminating  points  of  the  chain,  to  the  east  of  which  and 
extending  into  the  low  countries  of  Siberia,  other  parallel  lines  of  eruption,  rangiug 
more  or  less  from  north  to  south,  and  also  traversing  palaeozoic  rocks,  constitute 
an  undulating  zone,  composed  of  hills  of  slight  elevations,  parallel  to  the  chief  ridge. 
These  lower  eastern  ridges,  all  either  composed  of  eruptive  igneous  rocks,  or  the 
original  strata  through  which  they  have  burst  forth,  arc  the  chief  seats  of  the  mine- 
ral and  metalliferous  productions  of  the  chain.  For  though  auriferous  detritus 
occurs,  in  one  instance,  on  the  western  side  of  the  watershed,  that  exceptional  case 
is  accompanied  by  the  same  phenomena  as  are  uniformly  apparent  in  the  eastern 
gold  zones,  viz.  the  contiguity  of  parallel  ridges  of  eruptive  rocks. 

The  general  feature  of  the  great  mass  of  auriferous  materials  being  invariably 
fouud  on  the  eastern  flank  of  the  chain,  coupled  with  their  almost  total  absence  on 
its  western  slopes,  has  been  already  dwelt  upon  by  Humboldt,  who  has  shown,  that 
in  relation  to  the  other  geological  phenomena  the  formation  of  gold  veins  is  of 
comparatively  recent  date,  and  little,  if  at  all,  anterior  to  the  destruction  of  the 
mammoths.  Having  ourselves  arrived  at  the  same  conclusion,  we  must  explain 
the  evidences  which  have  led  us  to  adopt  this  view,  because  in  one  material  geolo- 
gical point  they  are  independent  of  the  reasons  which  influenced  our  great  precur- 
sor. This  point  consists,  in  developing  the  geographical  changes  which  the  region 
has  undergone  in  former  geological  epochs,  and  by  deducing  from  their  results,  that 
the  auriferous  phamomenon  must  have  been  posterior  to  all  such  early  conditions. 

In  the  first  part  of  this  work  we  have  endeavoured  to  establish,  that  the  widely- 
spread  cupriferous  deposits  of  I'ermia,  which  occupy  all  the  low  country  to  the 
west  of  these  mountains,  have  been  derived  from  pre-existing  eastern  lands,  upon 
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which  the  plants  and  vegetables  inclosed  in  the  Permian  conglomerates  must  have 
grown.  Judging  from  its  composition, — it  is  entirely  made  up  of  fragments 
of  ancient  Uralian  rocks, — the  great  Permian  deposit  must  have  been  accumu- 
lated, not  only  after  the  completion  of  the  Silurian,  Devonian  and  Carboniferous 
systems,  but  after  their  consolidation,  and  either  after  or  during  their  mineraliza- 
tion with  copper  ores.  This  is  a  clear  and  undeniable  conclusion,  at  which 
the  field  geologist  who  has  examined  this  region  arrives  ;  for  in  whatever  parallel 
of  latitude  he  may  trace  this  ancient  detritus,  he  invariably  finds  it  to  be  more 
coarse  and  metalliferous  as  it  approaches  the  mountains  from  which  its  materials 
have  been  derived,  whilst  in  receding  from  them,  such  mineral  matter  (always 
in  the  form  of  deposit  and  never  in  the  condition  of  veins)  as  regularly  dies 
away  and  is  lost  in  marine  marls,  sands  and  limestone.  But  if  the  Ural  Moun- 
tains were,  as  we  contend  they  must  have  been,  the  source  whence  all  these  cupri- 
ferous sediments,  as  well  as  detritus  and  fossil  vegetables  were  supplied,  very  dif- 
ferent, indeed,  must  have  been  their  former  outline  from  that  which  now  prevails; 
for  on  the  western  slope  of  the  axis  down  which  the  waters  now  flow  into  Permia, 
there  are  no  great  veinstones  and  original  sources  from  which  such  debris  could 
have  been  derived.  All  the  spots  where  the  largest  veins,  masses  and  original 
centres  of  copper  ore  occur,  wh  ether  at  Bogoslofsk,  Nijny  Tagilsk,  Gumcshefsk 
and  Polofsk,  south  of  Minsk  or  other  and  intermediate  places,  are  on  the  eastern 
side  of  the  chief  ridge.  Supposing  that  these  mines  were  in  the  process  of  forming, 
or  having  been  formed,  were  undergoing  destruction,  during  an  a?ra  in  which  the 
land  had  assumed  its  present  outline,  almost  every  cupriferous  particle  and  drop 
of  water  impregnated  with  or  transporting  such  mineral  matter,  must  have  de- 
scended into  the  adjacent  low  country  of  Siberia.  By  no  natural  agency  could  any 
considerable  quantity  of  such  coarse  materials  be  now  carried  to  the  low  countries' 
on  the  west,  between  which  and  all  the  great  copper  sources  which  arc  known,  lies 
the  ridge  of  the  Ural.  Now,  as  all  the  cupriferous  detritus  has  been  carried  to  the 

1  The  case  of  Gumeahefsk  is.  indeed,  not  so  demonstrative  a*  tho*e  of  Bogoslofsk.  Nijny  TaguVk, 
Polofsk.  ic. ;  for  the  small  river  near  the  former  place  winds  through  the  chain  to  the  west.  The  lute  of 
height*,  however,  is  to  the  west  of  Gumcshefsk,  and  equally  separates  that  tract  from  the  low  country  on 
the  west.  We  arc  now  alluding,  it  will  he  recollected,  to  very  ancient  residuary  detritus,  which  must 
have  heen  derived  from  that  which  is  now  the  east  side  of  the  line  of  greatest  altitude,  and  we  show,  that 
a*  with  the  present  configuration  little  or  no  such  cupriferous  detritus  could  be  poured  down  to  the 
west  on  account  of  a  high  intending  ridge,  so  we  feel  sure  that  such  ridge  (the  present  crest  of  the  Ural) 
has  been  thrown  or  raised  up  after  the  accumulation  of  the  Permian  deposit*. 
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western  Hank  of  the  mountains,  and  not  a  particle  of  it  into  the  low  country  of 
Siberia,  it  follows,  that  by  far  the  greatest  variation  in  physical  outline  which  the 
region  has  undergone, — one  by  which  a  lofty  wall  was  thrown  up  between  Permia 
and  the  original  copper  sites  of  the  Ural,— took  place  at  a  period  posterior  to  the 
formation  of  the  Permian  deposits. 

To  illustrate  this  view,  we  refer  to  our  proofs,  that  all  the  region  of  Permia  was 
submerged  during  the  gathering  together  of  its  copper-bearing  sediment  (charged 
with  remains  of  marine  animals,  mingled  with  the  branches  and  leaves  of  trees), 
whilst  the  opposite  low  country  of  Siberia  is  entirely  void  of  all  such  marine- 
formed  strata.  The  original  subsoil  of  Siberia  exhibits,  as  we  have  shown,  ancient  or 
palaeozoic  rocks  only,  similar  to  those  of  which  the  chain  of  the  Ural  was  originally 
composed,  covered  in  part  by  recent  tertiary  accumulations,  but  without  a  remnant 
of  former  marine  detritus,  whether  of  the  carboniferous  or  Permian  a?ras,  such  as 
that  which  overlaps  and  covers  the  edges  of  rocks  of  the  same  age  on  the  west. 
It  follows,  then,  as  a  necessary  induction,  that  when  the  cupriferous  gravel  and 
conglomerate  were  washed  into  the  sea-shores  and  bottoms  west  of  this  chain,  the 
tract  extending  eastwards  from  it  was  excluded  from  such  waters,  and  therefore 
above  them.  In  other  words,  what  we  now  call  the  Ural  Mountains,  then  formed 
the  rocky  shore  of  a  very  ancient  and  probably  low  continent,  from  which  powerful 
streams  descended  into  a  western  sea.  But  did  this  old  continent  contain  gold 
and  platinum  as  well  as  iron  and  copper?  Certainly  not ;  for  had  it  been  so,  some 
trace,  however  slight,  of  gold  or  platinum  must  have  been  found  in  the  Permian 
debris ;  and  yet  long  and  patiently  as  the  detrital  copper-mines  on  the  European 
side  of  the  chain  have  been  worked,  no  one  has  ever  heard  of  such  an  occurrence. 

Nor  if  we  recede  further  into  antiquity  and  look  to  some  of  the  earlier  "  reliquiae" 
of  this  chain,  those,  for  example,  which  under  the  form  of  carboniferous  conglo- 
merates are  most  clearly  indicative  of  one  of  its  great  upheavals,  can  we  detect  in 
them  any  traces  of  gold  ores  ;  though  those  conglomerates  are  compounded  of  all 
sorts  of  rocks  which  pre-existed  in  the  Ural.  Searching,  indeed,  throughout 
the  whole  series  of  detritus,  whether  carboniferous,  Permian,  or  that  of  much 
younger  age,  the  tertiary  beds  of  Kaltchedansk  and  Verkhoturie,  in  none  of  these 
regenerated  deposits  has  a  vestige  of  gold  ore  been  found. 

To  render  this  inference  still  more  conclusive,  it  may  be  stated,  that  not  only  the 
absence  of  auriferous  fragments,  but  the  very  materials  of  which  the  carboniferous 
and  Permian  conglomerates  are  composed,  similarly  bespeak  a  like  change  of  out- 
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line  since  the  period  of  their  deposit ;  for  if  the  present  watershed  of  the  Ural  had 
then  been  in  existence,  scarcely  any  fragments  or  pebbles  of  porphyry,  greenstone, 
or  Lydian  stone,  could  have  found  their  way  into  the  region  of  Permia, — all,  or 
nearly  all  such,  would  naturally  be  transported  to  the  depressions  on  the  Siberian 
flank  of  the  chain  where  these  rocks  abound  in  situ.  But  the  contrary  has  been  the 
case.-  the  Permian  deposits  on  the  west  contain  the  detritus  of  such  igneous 
and  metamorphic  rocks,  whilst  nothing  like  it  is  to  be  seen  in  Siberia. 

Whether,  therefore,  we  judge  from  the  total  absence  of  all  auriferous  matter  in 
the  ancient  conglomerates  on  the  west,  and  in  the  tertiary  grits  upon  the  east,  or 
trotu  the  absolute  materials  in  the  whole  series  of  regenerated  deposits,  we  conclude 
that  the  chain  became  auriferous  during  the  most  recent  disturbances  by  which  it 
was  affected,  and  that  this  took  place  when  its  highest  peaks  were  thrown  up,  when 
the  present  watershed  was  established,  and  when  the  syenitic  granites  and  other 
comparatively  recent  igneous  rocks  were  erupted  along  its  eastern  slopes. 

The  only  detritus  in  which  grains  and  portions  of  gold  and  platinum  have  been 
found  is,  in  truth,  that  in  which  remains  of  mammoths  and  rhinoceroses  have  also 
been  detected  ;  and  coupliug  this  last  fact  with  the  omission  of  all  auriferous  veins 
in  the  more  ancient  alluvia  of  the  chain,  there  can  be  no  doubt,  that  in  this  region, 
gold  was  one  of  the  most  recent  mineral  productions  anterior  to  the  historic  aera. 
The  very  nature  and  form  of  the  ground  in  which  the  auriferous  debris  have  been 
heaped  up,  shows  that,  unlike  the  ancient  or  Permian  detritus,  this  took  up  its  po- 
sition when  the  present  configuration  had  been  to  a  great  extent  brought  about,  and 
when  valleys  existed,  iu  which  large  quadrupeds,  closely  allied  to  those  which  now 
live  among  us,  were  entombed.  We  believe,  then,  that  before  the  surface  assumed" 
its  present  outline,  the  tract  we  now  call  the  Ural  Mountains  was  a  low  ridge,  ex- 
tending from  north  to  south,  and  forming  the  western  shore  of  a  continent  on  which 
such  animals  lived  and  died  during  long  ages. 

In  proceeding  to  describe  a  few  of  the  auriferous  6pots  which  came  under  our 
notice,  we  at  once,  disavow  any  pretension  to  explain  their  statistical  and  mining 
details.  Our  time  was  too  much  limited  for  such  inquiries,  concerning  which 
we  must  again  refer  to  the  works  of  Humboldt,  Rose,  Ilelmersen,  and  of  many 
officers  of  the  Imperial  School  of  Mines  who  have  written  upon  their  respective 
stations.  Our  sole  object  is  to  bring  before  the  mind  of  the  reader,  the  mode  and 
period  in  which  the  auriferous  detritus  was  accumulated. 

Whoever  may  take  in  his  hand  the  detailed  geological  map  of  any  auriferous 
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tract  of  the  Ural  or  Siberia,  and  observe  that  the  affluents  of  the  rivers  are 
chiefly  the  sites  which  the  gold  detritus  occupies,  might  naturally  be  led  to 
infer,  that  it  was  nothing  but  the  residue  of  rivers  or  streamlets.  This,  however, 
would  be  a  gross  misapprehension.  The  gold  alluvia  of  the  Ural  (sand  it  can  very 
rarely  be  called)  is  a  gravel  seldom  less  coarse  than  that  around  London  and  the 
east  of  England,  and  for  the  most  part  a  shingle,  composed  chiefly  of  moderately- 
sized  and  small  subangular  fragments  of  the  adjacent  rocks.  It  is,  in  short,  that 
portion  of  the  detritus  of  this  chain,  which  has  been  derived  from  such  rocks  as 
have  been  impregnated  with  gold,  or  which  contained  gold-bearing  veins.  With 
the  exception  of  the  presence  of  very  minute  portions  of  gold,  platinum  or  mag- 
netic iron  disseminated  in  it,  and  which  arc  very  rarely  perceptible  to  the  eye,  it  is 
nothing  but  the  debris  of  certain  mineralized  masses  which  have  been  formerly  shed 
off  from  the  flanks  of  these  mountains,  aud  have  partially  rilled  up  the  depressions 
adjacent  to  them. 

Unlike  the  Scandinavian  and  other  chains,  which  burthened  with  much  detritus 
have  cast  oft'  portions  of  it  to  great  distances  from  their  flanks,  the  sides  of  the 
Ural  are  void  of  all  such  far-transported  or  rounded  blocks  ;  every  loose  fragment 
having  been  derived  from  an  adjacent  elevation,  and  having  been  usually  washed 
down,  in  strict  relation  to  the  chief  existing  features  of  the  land '.  In  fact,  the 
term  drift  is  not  correctly  applicable  to  these  Uralian  masses,  which  are  purely 
local,  and  in  which  there  are  none  of  those  boulders,  that  in  other  countries  have 
been  transported  across  hills  and  valleys,  far  from  the  place  of  their  origin.  Neither 
do  the  sides  of  the  mountains  exhibit  stria?  of  denudation  nor  polished  surfaces;  and 
all  the  superficial  detritus,  without  exception  (parts  of  which  only  are  auriferous), 
is  strictly  local.  Let  us  now  consider  the  nature  and  relations  of  the  gold  accu- 
mulations, at  a  few  of  the  principal  sites  where  they  are  worked. 

Gold  Mines  of  Berezovsk  near  Ekaterinburg. — These  mines,  situated  about  twenty- 
five  versts  to  the  north-north-east  of  Ekaterinburg,  have  long  been  most  productive, 
and  are  interesting  to  the  geologist  and  mineralogist  in  offering  the  only  subterra- 
nean shafts  in  all  this  region  by  which  gold  is  still  extracted  from  the  parent  rock'. 

1  The  Mime  dUtinction  m  formerly  pointed  out  between  the  local  drift  of  Siluria  and  the  foreign  or 
northern  drift  of  England.    See  Silurian  System,  p.  509  tt  tea. 

*  From  the  year  1745,  to  the  time  of  our  vuit,  1841,  these  minea  had  afforded  52,000,000  of  poods 
of  ore-ftuff  which  had  yielded  67D  pooda  of  gold.    The  proportion  of  gold  to  the  vein-stone  or  detritit 


necessarily  varies  exceedingly  in  different  localities,  and  from  time  to  time,  even  at  the  tame  place.  At 
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The  chief  fundamental  rocks  are  talcose,  chloritic  schists  and  clay  slates,  like  those 
which  prevail  around  Ekaterinburg,  and  these  have  been  cut  through  by  parallel 
bands  of  a  felspathic  rock  called  "  beresite,"  which  M.  Rose  considers  to  be  a 
decomposed  granite, — a  continuation,  in  fact,  of  the  granites  of  the  Shartash  lake 
and  Ekaterinburg  (see  Map).  The  band  of  "  beresite,"  which  bears,  in  truth,  the 
aspect  of  a  metalliferous  lode,  trends  from  north  to  south,  and  contains  within  it 
many  veins  of  quartz,  in  which  the  gold  occurs,  and  from  which  it  is  extracted 
both  by  vertical  shafts  and  lateral  galleries  which  have  been  made  in  the  masses 
of  the  "  beresite."  On  each  flank  of  the  lode,  the  talc  schist  in  contact  with  the 
beresite  is  a  reddish  decomposing  altered  rock,  called  "  crassick  "  by  the  workmen. 
In  some  parts  of  the  works  the  quartz  veins  so  multiply  as  almost  to  exclude  the 
beresite,  whilst  some  other  or  poorer  veins  traverse  the  mass  diagonally  and  even 
from  west  to  cast.  In  contact  with  the  quartz  veins,  the  beresite  is  usually  com- 
pact and  hard,  but  at  a  little  distance  from  them,  that  substance  is  usually  in  a 
form  which  would  convey  to  the  ordinary  observer  merely  the  idea  of  kaolin  or 
decomposed  felspar  rock.  No  shaft  has  been  sunk  lower  than  twenty-eight 
fathoms,  and  no  perceptible  change  was  observed  in  the  nature  of  the  mineral 
substances  at  that  depth  ;  but  owing  to  the  influx  of  water  and  the  want  of  steam- 
engines,  the  works,  at  the  period  of  our  visit,  were  only  carried  on  at  a  level  of 
sixteen  fathoms. 

Referring  to  the  valuable  details  of  M.  Rose,  both  as  respects  the  nature  of  the 
matrix  and  its  imbedded  minerals1,  we  thus  briefly  allude  to  the  rock  in  ritu,  in 
order  to  explain  how  the  alluvia  which  cover  it,  and  which  partake  of  the  local 
character  of  all  the  Uralian  detritus,  should  also  be  auriferous.  The  gold  alluvium 
at  this  locality  occupies  a  narrow  depression  in  which  a  tiny  stream  called  the 
Berezof  meanders.  The  detritus  reposing  upon  an  irregular  surface  of  the  schistose 

BerezoYtk  100  poods  of  gravel  formerly  grave  from  five  to  eight  zolotnika ;  bat  now  the  same  quantity 
does  not  afford  more  than  from  one  quarter  to  one-half  of  a  zolotnik.  The  Magdalenaki  mine  near  Bo- 
goalofck  lias  been  known  to  afford,  in  one  year,  as  much  as  half  a  pound  of  gold  in  100  poods,  though  in 
general  the  same  quantity  only  produces  one  zolotnik  ! 

There  are  96  tolotniks  in  a  Kmtian  pound,  which  is  equal  to  14  oz.  7  dr.  English  avoirdupois.  The  Rus- 
sian pood,  or  40  lbs.  of  that  country,  it  consequently  equal  to  36  lbs.  2  ox.  English  avoirdupois.  [See  Tra- 
vaux  de  la  Commission  pour  filer  lea  mesures  et  lea  poida  de  l'Empire  de  Rusaie.  rGdigea  par  A.  Th. 
Kupffer.] 

1  Besides  the  quartz,  M.  Rose  enumerates  tourmaline,  talc  crystals,  pyrophyllite,  bitter  spar,  iron  py- 
rites, brown  iron  ore,  needle  ore  (bismuth),  grey  copper,  copper  pyrites,  sulphate  of  copper,  carbonate  of 
lead,  vonadiate  of  lead,  gold,  &c. ;  but  of  all  these  minerals  quartz  is  much  the  most  abundant. 
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rocks  or  granite  which  has  penetrated  them  is  composed  of  their  various  debris, 
chiefly  angular,  and  in  thickness  from  eighteen  to  twenty  feet.  It  is,  in  fact,  local 
drift,  and  is  spread  over  the  whole  of  the  adjacent  depression  with  little  reference 
to  the  streamlet  which  now  flows  in  it,  and  which  is  made  to  follow  the  works ; 
for  by  its  water  alone  is  the  ore  washed  out  of  the  detritus.  We  shall  not  describe 
these  works,  though  we  may  state  that  they  are  more  productive  in  those  spots 
where  the  broken  materials  and  coarse  sands  are  most  ferruginous,  and  that  during 
the  washing  process,  the  black,  glancing  grains  of  magnetic  iron  ore,  form  a  good 
indication  of  the  presence  of  gold.  Our  chief  aim  is  to  show  the  position  in  which 
the  bom-*  of  mammoths  were  found  in  this  coarse  debris,  covered  by  clay,  bog- 
earth  and  soil. 


kWofrivulrt.  C2. 


The  above  diagram  at  once  explains  these  relations;  for,  as  we  have  before 
said,  the  drift  in  which  the  gold  occurs,  fills  up  all  the  original  inequalities  of  the 
surface  of  the  rocks  ;  and  in  one  of  the  lowest  of  these  depressions,  from  eighteen 
to  twenty  feet  below  the  surface  and  at  least  200  feet  distant  from  the  little  river, 
very  well-preserved  tusks  and  other  bones  of  a  mammoth  were  discovered  by  M. 
Koksharof,  sen. ',  formerly  director  of  these  works.  Now  the  coarse  gold,  gravel 
and  sand  is  covered  by  a  thick  mass  of  clay,  which  is  wholly  unstratified,  and  this 
again  by  a  poor  imperfect  grassy  peat,  and,  lastly,  by  the  sterile  humus  or  soil  of 
the  country.  With  the  exception  of  the  gold  in  the  gravel,  these  relations  may 
be  paralleled  in  many  other  tracts  of  Europe.  For  example,  just  in  similar 
coarse  gravel  and  sand,  have  often  been  found  the  bones  of  mammoths  and  other 
extinct  animals  in  the  ancient  valleys  of  the  Rhine  and  Danube,  and  many  other 
places.  There,  as  in  the  Ural,  the  coarse  detritus  is  usually  covered  with  the  finer 
materials  of  sediment,  cither  in  the  form  of  clay  or  of  sand  and  loss.  In  the  upper 
clay  of  this  place,  as  in  the  loss  of  the  Rhine,  similar  remains  have  also  been  found  ; 
and  all  that  we  now  point  out  is,  that  by  the  distribution  of  the  materials  in  which 
such  remains  occur  they  could  not  have  been  placed  there  by  the  puny  Berezof 
'  M.  Koksharof  printed  these  bones  to  Mr.  Murchison.  and  they  are  now  in  London. 
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stream,  which  in  itself  is  wholly  incompetent  even  to  wear  out  its  own  course  in 
these  masses  of  ancient  and  pre-existing  debris. 

We  did  not  visit  a  twentieth  part  of  the  gold  workings  of  the  Ural,  some  of  which 
occur  much  higher  up  towards  the  axis  of  the  chain,  others  further  removed  from 
it  than  those  of  Berezovsk,  and  we  must  point  to  the  map  for  many  of  these  po- 
sitions, in  all  of  which  the  alluvial  phamomena  are  more  or  less  the  same  as  those 
above  mentioned,  the  detritus  being  invariably  derived  either  from  the  rocks  in  ritu 
or  from  the  adjacent  higher  hills.  We  shall,  in  the  sequel,  describe  other  exam- 
plea  of  exactly  similar  sepulture  of  the  bones  of  the  mammoth  in  the  South  Ural, 
and  in  the  mean  time  we  may  6ay  a  very  few  words  on  the  extension  of  the  aurife- 
rous zone  to  the  north. 

Gold-bearing  alluvia  have  been  found  at  various  spots  nearly  all  along  the  eastern 
flank  of  the  chain,  both  in  the  lateral,  or  north  and  south,  and  in  the  transverse,  or 
east  and  west  valleys,  formed  amid  the  rocks  which  we  have  formerly  described. 
These  auriferous  alluvia,  notably  rich  along  the  zone  where  greenstones,  porphy- 
ries and  serpentines  have  traversed  ancient  limestones,  have  been  followed  by  the 
Russian  miners  to  the  north  of  Petropavloak,  between  which  place  and  Berezovsk 
the  excavations  and  works  have  been  numerous.  Around  the  Zavods  of  Nijny 
Tagilsk  and  Blagodat,  and  even  extending  to  the  western  talus  of  the  watershed, 
these  gold  alluvia  have  been  considerably  worked  in  those  parallels,  and  in  some 
instances,  the  ore  of  platinum  is  formed  in  the  very  same  masses.  In  reference  to 
the  works  depending  on  Nijny  Tagilsk  it  may  be  stated,  that  the  zone  which  ranges 
close  along  the  western  side  of  the  crest  of  the  chain  is  poor  in  gold,  the  particles 
of  which  are  associated  with  chromate  of  iron  and  platinum,  and  are  supposed  to 
have  been  derived  from  the  hornblende  and  metamorphic  rocks  which  there  rise 
up  to  form  the  axis.  The  richest  band  is  that  which  runs  from  north  to  south,  a 
little  to  the  east  of  Laisk,  whilst  two  other  but  poorer  zones  occur  in  the  mine- 
ralized low  ridges,  still  further  east,  or  at  forty  and  sixty  versts  from  Nijny  Tagilsk. 
In  this  parallel  of  latitude,  therefore,  the  gold-bearing  detritus  is  found,  at  intervals, 
and  in  zones,  extending  from  north  to  south  over  a  country  near  100  verets  in 
width,  and  is  everywhere  made  up  of  fragments  of  the  metamorphic  and  eruptive 
rocks  of  the  region,  and  most  frequently  in  portions  of  quartz  veins.  Varying  in 
thickness  and  importance,  according  to  the  original  depression  or  cavities  in  which 
they  have  been  deposited,  these  materials  lie  at  all  levels,  the  little  modern  streams 
having  had  no  sort  of  influence  in  accumulating  them. 
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Gold  Mines  of  Chrestovodsvisgensk. — This  is  the  only  gold-work  of  any  magnitude 
which  fairly  lies  at  the  western  foot  of  the  Ural  chain ;  for  those  which  depend 
upon  the  Zavod  of  Nijny  Tagilsk  are,  as  has  already  been  stated,  close  to  the 
eruptive  axis.  But  even  here  the  relations  are  on  the  whole  similar  to  those  more 
productive  deposits  which  occur  along  the  eastern  side  of  the  axis ;  for  the  alluvia 
are  accumulated  to  the  eastern  side  of  the  black  dolomitic  limestone  before  de- 
scribed,— a  rock,  as  before  shown,  which  is  seen  to  pass  into  the  talcose  and 
quartzose  schists  which  constitute  the  chief  mass  of  the  axis  of  the  Ural.  Nay, 
more,  this  gold  alluvium  also  lies  between  the  great  metamorphic  axis  of  the  Ural 
and  the  eruptive  ridge  of  Bissersk  (see  Map) ;  so  that,  in  truth,  the  mines  of 
Chrestovodsvisgensk  cannot  be  said  to  offer  an  exception  to  the  general  con- 
ditions,  under  which  all  the  gold  alluvia  on  the  Siberian  side  of  the  chain  have 
been  formed.  Filling  the  narrow  valleys  which  radiate  from  the  ridge,  all  watered 
by  various  small  streamlets  which  fall  into  the  Koiva,  the  gold  shingle  is  here 
piled  up  in  thick  accumulations,  which,  as  you  ascend  the  Adolfski  brook  to  the 
chief  mines,  are  found  to  increase  to  a  thickness  of  about  forty  or  fifty  feet,  covered 
by  masses  of  clay.  At  these  upper  works,  the  overlying  detritus  is  so  considerable, 
that  in  order  to  avoid  the  expense  of  removing  it,  horizontal  galleries  are  driven 
near  the  level  of  the  rivulet,  and  the  most  auriferous  portions  of  the  gravel  are 
thus  extracted.  This  detritus,  which  is  nearly  all  angular  and  chiefly  made  up 
of  chloritic,  talcose  and  quartzose  rocks  with  some  fragments  of  eruptive  rocks,  is 
apparently  void  of  limestone  or  dolomite,  thereby  showing,  that  it  has  been  really 
derived  from  the  breaking  up  of  the  higher  adjacent  Uralian  slopes  upon  the  east, 
which  are  essentially  composed  of  such  rocks.  Thence  it  has  been  spread  out  in 
great  mounds,  which  diminish  in  importance  as  they  descend  into  the  lower 
grounds,  where  the  alluvium  overlaps  the  edges  of  the  black  dolomite  or  Devonian 
limestone  before  described.  No  remains  of  great  pachydermatous  quadrupeds 
have  been  found  in  this  coarse  shingle,  though  the  bones  of  Elks  have  been  detected 
in  the  overlying  clay. 

The  gold  alluvia  of  this  tract  have  been  rendered  conspicuous  by  having  afforded 
specimens  of  diamonds ;  and  as  some  doubt  was  at  first  thrown  upon  the  reality  of 
the  discovery,  we  think  it  right  to  state,  that  from  every  inquiry  we  made  upon 
the  spot,  no  sort  of  suspicion  can  attach  to  the  evidence.  In  referring  the  reader 
to  the  description  of  these  diamonds  in  the  works  of  Baron  Humboldt  and  M.Rose, 
it  is  only  necessary  to  state,  that  upwards  of  forty  specimens  (all  of  which  we  saw 
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in  the  cabinet  of  Prince  Butera)  were  detected  in  the  detritus  upon  the  banks  of 
the  Adolfski  rivulet,  at  the  time  when  the  alluvium  was  there  worked  for  gold.  The 
operations  being  no  longer  carried  on  in  that  spot, — the  quantity  of  gold  being  too 
small  to  repay  the  cost, — no  more  diamonds  can  have  been  detected. 

Judging  from  the  mineral  character  of  the  Uralian  rocks,  Baron  Humboldt  had 
even  before  his  visit  to  Siberia  foretold,  that  diamonds  would  be  found  in  the  Ural 
as  in  other  countries  which  contain  platinum  and  palladium  ;  and  whilst  he  was  en- 
gaged in  his  journey  to  the  Altai,  the  discovery  at  Chrestovodsvisgensk  was  made. 
Since  that  period  Colonel  Helmersen  has  shown,  that  diamonds  have  been  found 
(though  in  a  rare  specimen  or  two)  at  three  other  points  along  the  Ural  chain'. 

As  the  existence,  therefore,  of  diamonds  in  the  Ural  cannot  be  disputed,  it  is 
gratifying  to  know,  that  quartzose  micaceous  schist,  identical  with  the  diamond- 
bearing  Itacolumite  of  the  Brazils,  really  occurs  in  the  portion  of  the  Ural  adjacent 
to  those  mines,  and  in  a  tract  from  whence  the  drainage  of  the  Koiva  and  Polu- 
daska  streamlets  descend.  We  are  indebted  to  Colonel  Helmersen  for  this  dis- 
covery, from  which,  as  well  as  from  his  finding  the  same  itacolumite  in  various 
parts  of  the  Ural,  he  infers  that  it  has  been  the  real  site  of  the  diamonds*.  With 
the  precise  geological  age  of  the  itacolumite  of  the  Brazils  we  are  unacquainted, 
though,  like  that  of  the  Ural,  it  is  evidently  a  metamorphic  rock.  In  the  former 
country  it  has  been  described  by  Eschwege  as  the  chief  seat  of  the  diamonds,  and 
all  the  rivulets  in  which  they  most  abound  flow  from  mountains  composed  of  it. 
In  M.  Claussen's  description  of  a  portion  of  the  province  of  Mina's  Geraes  (Moun- 
tain of  Grammagoa),  we  are  assured,  that  powerful  and  slightly  inclined  bands  of 
soft  micaceous  sandstone,  having  occasionally  the  aspect  of  itacolumite,  repose  di- 
rectly on  transition  rocks,  and  contain  diamonds  between  the  flakes  of  mica,  just  as 
garnets  occur  in  mica  schist3.  Whether  this  sandstone  or  psammite,  as  M.  Claussen 
supposes4,  has  been  metamorphosed  into  the  crystalline  micaceous  schist  called 
itacolumite  (by  no  means  improbable),  it  is  not  for  us  to  determine;  but  as  dia- 
monds have  been  found,  in  exactly  similar  sandstones  and  grits,  in  Hindostan*,  there 

1  Ekaterinburg.  Kushrinsk  and  Verch-UraUk.  Baron  Humboldt  and  M.  Row  were  prevented  from 
'  Reuse  rtach  dem  Ural,  2  Abth.  p.  302. 

1  Bulletin  de  l'Acad.  de  Bruxellet,  18-41.  torn.  riii.  p.  330.   A  Brazilian  specimen  of  itacolumite  in  the 
Imperial  Museum  of  tbe  School  of  Mines  contains  two  diamonds. 
*  Geogn.  Gemalde  von  Braailicn.  p.  38 ;  and  Pluto  Brasiliensis,  p.  424. 

>  See  also  Mineral.  Report  on  the  districts  of  Nellore,  Cuddapah  and  Ountoor,  by  Lieut.  Ouchtcrlony  | 
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can  be  little  doubt  that  these  precious  stones  were  originally  formed  in  different 
parts  of  the  world  in  sedimentary  deposits  not  more  ancient  than  those  which  con- 
stitute the  flanks  of  the  Ural  chain.  We  may  add,  that  as  carbonaceous  grits  of 
the  Devonian  and  Carboniferous  periods  exist,  it  is  very  easy  to  conceive,  how  these 
masses,  like  other  sediments  to  which  we  have  previously  alluded,  have  been  trans- 
muted into  the  quartzose  micaceous  schists  which  occur  in  this  chain,  and  how  the 
diamonds  have  been  derived  from  them  and  deposited  in  the  auriferous  gravel'. 

Peshanka  Gold  Mine  near  Bogoslofsk. — After  this  short  digression,  we  now  return 
to  the  east  flauk  of  the  chain.  The  gold  alluvia  of  the  rich  mine  of  Peshanka,  like 
those  of  Berezovsk,  occur  on  both  sides  of  a  small  rivulet,  which  meanders  through 
a  depression  between  the  copper  mines  of  Turyinsk  and  the  river  Kakva.  The 
chief  underlying  rock  is  greenstone,  and  the  gold  sands  situated  immediately  upon 
it  are  the  richest.  As  no  fragments  of  quartzose  veinstones  have  ever  been  found 
here,  the  gold  grains  being  simply  collected  by  washing  the  finer  sandy  gravel, 
it  has  been  supposed,  that  the  gold  is  diffused  throughout  the  subjacent  rock, 
which,  according  to  M.Karpinski,  who  then  directed  the  mine,  was  in  part  a  sye- 
nite. We  were  even  told,  that  upon  analysis  this  last- mentioned  rock  had  been 
found  to  contain  gold.  As  far  as  we  could  judge  from  appearances,  the  surface 
was  covered  by  large  blocks  of  syenite  lying  in  the  sand  and  gravel,  which  as  in 
other  places  was  covered  with  clay,  in  which  the  bones  of  mammoth,  rhinoceros, 
&c.  had  been  found,  chiefly  near  the  mouth  of  this  little  valley.  Most  of  the 
gold  has  been  extracted  near  the  centre  of  the  detrital  mass,  whose  maximum 
thickness  is  about  seven  feet,  and  which  is  clearly  divisible,  as  elsewhere,  into 
two  parts,  viz.  overlying  clay  and  shingle,  and  auriferous  sand  beneath.  On  the 
whole,  the  inspection  of  this  locality  led  us  to  believe,  that  the  gold  had  been  dif- 
fused through  the  subjacent  rock,  and  that  the  auriferous  epoch,  or  the  close  of  it, 
was  marked  by  the  scouring  and  denudation  of  the  surfaces  of  the  rock  so  impreg- 

Madras.  1841.  Some  of  these  tract*  appear  to  resemble  very  much  in  composition  the  axis  of  the  Ural. 
See  also  Lieut  Ncwbold's  papers  on  the  gold  and  diamonds  in  various  parts  of  India,  Journ.  Royal  Asiatic 
Soc.  1843,  pp.  203—226. 

1  We  cannot,  for  the  reasons  before  assigned,  participate  in  the  idea  partially  alluded  to  by  M .  Rose,  and 
cited  in  the  Appendix  to  Baron  Humboldt's  work,  that  the  diamonds  of  Chrestovodsvisgensk  may  have 
had  their  origin  in  the  black  dolomite  of  that  place ;  for  although  that  rock  has  been  shown  to  contain 
carbon,  the  alluvia  in  which  the  diamonds  were  found,  though  overlying  the  dolomite,  exhibit  no  portions 
of  it.  We  agree  with  Colonel  Helmersen,  that  the  diamonds,  like  the  gold  shingle  and  the  major  part  of 
the  accompanying  detritus,  have  been  drifted  from  the  adjacent  flank  of  the  higher  mountains,  in  which 
micaceous  quartz  rocks  exist,  fragments  of  them  (itacolumite)  being  also  found  in  the  alluvium. 
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nated '.  All  the  coarse  detritus  had  evidently  been  forced  hither  by  the  same  waters 
which  entombed  the  mammoths ;  for  the  present  stream  can  scarcely  remove  a 
pebble  the  size  of  an  inch.  In  following  tins  rivulet  and  the  river  Kakva,  into 
which  it  falls,  to  the  lower  grounds  of  Siberia,  the  remains  of  mammoth,  rhino- 
ceros and  Bos  Urus  multiply,  and  in  the  old  alluvium  on  the  banks  of  the  rivers 
Pellim  and  Tavda,  both  tributaries  of  the  Tobol,  are  very  abundant. 

Origin  of  the  Ore  of  Platinum,  and  probable  diffusion  of  that  Metal  as  well  as  Oold 
through  certain  rocks. — We  have  just  spoken  of  the  diffusion  of  gold  ore  through 
certain  rocks  of  the  North  Ural.  Even  at  the  moment  when  we  made  the  memoranda 
on  the  Peshanka,  and  saw  how  completely  the  auriferous  sand  at  that  spot  seemed 
to  be  simply  the  disintegrated  surface  of  the  subjacent  rock  (a  sort  of  syenite  or 
"  granite  pourrie"),  we  could  not  doubt  of  the  likelihood  of  such  a  phaenomenon. 
Since  that  time  Professor  Hoffman  has  ascertained,  that  in  a  considerable  region 
of  eastern  Siberia,  the  gold  is  really  disseminated,  not  only  through  granitic  and  other 
igneous  rocks,  but  also  through  large  bodies  of  clay  slate*.  In  this  respect,  indeed, 
there  is  nothing  in  the  dissemination  of  the  gold,  which  is  in  any  respect  dissimilar  to 
what  is  known  of  the  diffusion  of  magnetic  iron,  pyrites  and  various  other  minerals, 
through  the  substance  of  rocks,  both  igneous  and  sedimentary.  The  fact  is,  then, 
that  though  gold  has  frequently  been,  and  is  for  the  most  part,  formed  in  quartzose 
and  other  veins  which  have  either  penetrated  or  been  separated  from  the  mass  of 
the  formation  (and  of  these  the  Ural  affords  countless  examples),  it  has  also  been 
diffused  in  some  tracts  throughout  the  whole  body  of  the  rock,  whether  of  igneous 
or  aqueous  origin. 

Though  ores  of  platinum  are  found  in  the  alluvia  of  the  Ural  chain  in  various 
parallels  of  latitude,  it  is  only  within  the  territories  of  the  Detnidoff  family  that 
they  are  still  worked.  After  an  examination  of  the  greater  number  of  the  platinum 
works  belonging  to  Nijny  Tagilsk,  all  of  which  lie  on  the  western  slope  of  the 
Ural-tau  in  that  parallel,  M.  G.  Rose  had  shown,  that  in  one  only  of  the  numerous 
masses  of  alluvia  was  any  gold  mixed  with  it,  and  that  in  no  instance  could  he 
detect  any  veinstones  of  quartz  or  other  fragments  of  rocks,  nor  of  magnetic  iron 

>  Since  the  year  1829,  when  it  was  discovered,  this  mine  of  Peshanka  had  yielded,  to  1840,  or  in  eleven 
years,  250  poods  or  10,000  Russian  lbs.  of  gold. 

'  For  an  account  of  the  enormous  increase  of  gold  derived  from  the  eastern  governments  of  Siberia  in 
the  last  two  years,  with  speculations  thereon,  ace  Mr.  Murchison'a  Address  to  the  Royal  Geographical 
Society  (Journal  Royal  Gcog.  Soc.  Lond.  vol.  xiv.  part  i.  p.  bm.).  An  extract  will  be  given  in  the  Ap. 
pendix. 
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ore,  so  abundant  in  the  gold  alluvia.  The  platinum  had  formerly,  it  appears,  been 
found,  for  the  most  part,  in  fragments  from  the  weight  of  a  zolotnik  to  near  one 
pound,  though  rarer  examples  had  occurred  of  pieces  weighing  from  three  to  up- 
wards of  eight  pounds.  According  to  Rose,  the  major  part  of  the  detritus  asso- 
ciated with  the  platinum  consists  of  serpentine,  with  very  rare  appearances  of 
hypersthene  or  other  minerals,  the  ground  over  which  it  has  been  washed  being 
cither  chlorite  schist  or  quartzose  talc  schist,  the  latter  containing  diffused  epidote. 
The  platiniferous  alluvia  on  the  west  slope  of  the  Ural  ridge,  like  the  gold  alluvia 
on  the  east,  has  in  truth  been  drifted  down  into  adjacent  depressions  from  the  cul- 
minating peaks  of  hornblende  slate,  serpentine  and  greenstone,  and  is  occasionally 
from  ten  to  twelve  feet  thick.  It  differs  only  from  the  gold  alluvia  in  being  usually 
arranged  in  narrower  masses,  the  breadth  of  one  mass  being  eighteen  to  twenty  four 
feet,  and  of  another  thirty  to  forty,  and  their  lengths  from  300  to  400  feet ;  whilst 
there  are  many  gold  accumulations  more  than  treble  such  length  and  breadth.  In 
our  own  examination,  indeed,  of  a  heap  of  detritus  north  of  Kushvinsk,  from  which 
platinum  ore  had  been  extracted,  we  could  detect  no  sensible  geological  distinction 
between  it  and  the  auriferous  detritus  in  the  neighbouring  valleys,  since  we  found 
them  both  to  be  composed  of  various  sub-angular  veinstones  and  rocks  of  the  adja- 
cent ridges  (see  p.  381).  By  this  observation,  however,  we  by  no  means  wish  to 
imply,  that  the  formation  of  platinum  ore  may  not,  in  other  instances,  have  been 
accomplished  by  a  natural  process  separate  from  that  which  in  most  instances  ela- 
borated the  gold ;  but  we  believe,  that  with  the  present  amount  of  evidence  it 
would  be  unsafe  to  attribute  the  origin,  of  either  platinum  or  gold,  exclusively  to 
one  mode  of  formation. 

We  are  led  to  make  this  remark  from  a  recent  publication  of  M.  Le  Play,  whilst 
these  sheets  are  passing  through  the  press1.  Availing  himself  of  the  light  thrown 
upon  this  subject  by  the  scientific  researches  of  M.  Schwetzof  and  the  mineral 
agents  of  M.  Demidoff,  this  able  mineral  surveyor,  who,  as  before  said,  visited  a  part 
of  the  Ural  Mountains  since  wc  quitted  them,  has  come  to  the  conclusion,  that  the 
platinum  of  Nijny  Tagilsk  was  not  formed  in  veins,  but  disseminated  throughout 
the  whole  mass  of  certain  crystalline  rocks  (gisemcnt  primitif).  He  founds  this 
belief  on  having  followed  twenty  or  more  courses  of  platiniferous  alluvia  up  to  a 
common  centre,  the  mountain  La  Martiane,  from  which  they  have  all  been  derived, 
and  of  whose  detritus  they  are  all  composed.  No  quartzose  veinstones  occur,  and 
1  Comptea  Rendus    l'loatitut  de  France,  Novembre  1844. 
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all  the  platinum  is  finely  and  equally  diffused  in  the  proportion  of  1  in  200  of  a  mass 
which  is  made  up  of  fragments  of  greenstone  and  serpentine,  but  chiefly  of  the 
latter.  Moreover,  the  fragments  of  serpentine  associated  with  the  platinum  are 
positively  saturated  with  its  predominant  associate  chromate  of  iron,  and  though  as 
yet  no  platinum  has  been  recognized  in  the  rock,  M.  Le  Play  contends,  that  it  must 
be  imperceptibly  diffused  through  a  mass  whose  disintegration  yields  this  ore. 

Such  data,  including  those  afforded  by  Humboldt1  and  Rose,  certainly  afford  fair 
grounds  for  presuming,  that  the  platinum  in  these  localities  (the  most  remarkable 
in  Russia)  must  have  been  diffused  through  the  rock,  just  as  we  now  know  that  in 
large  tracts  of  Siberia  gold  is  also  diffused.  Still,  all  these  facts  cannot  induce 
us  to  change  our  opinions  respecting  a  heterogeneous  mass  of  platiniferous  alluvia 
which  we  have  ourselves  seen  on  the  eastern  slopes  of  the  Ural,  between  Kushvinsk 
and  Turinsk,  where  fragments  of  greenstone,  porphyry,  jasper,  &c.  are  mixed  with 
fossiliferous  limestone,  and  grains  of  quartz  and  magnetic  iron  ore.  The  pheno- 
mena, therefore,  at  the  Demidoff  works  of  platinum  ore,  can  by  no  means  be 
assumed  as  applying  generally  to  the  origin  of  that  metal.  Colonel  Helmersen 
has,  indeed,  distinctly  stated,  that  grains  of  platinum  have  been  extracted  from 
quartzose  veins  in  the  "  Beresite,"  which  are  loaded  with  gold,  and  he  properly 
insists  upon  that  as  a  known  source  of  platinum1.  We  are  therefore  disposed  to 
think,  that  the  ore  of  platinum  has  been  formed  in  the  rocks  pretty  much  in  the 
same  manner  and  at  the  same  period  as  gold,  sometimes  in  veins,  though  perhaps 
even  more  commonly  by  diffusion  through  the  mass.  Being  a  much  rarer  mineral 
than  gold,  it  is  of  course  to  be  expected  that  a  greater  difficulty  should  prevail  in 
accurately  defining  the  origin  of  platinum  ,  the  more  so,  when  its  cost  of  production, 
and  the  few  uses  to  which  it  can  be  beneficially  applied,  have  led  to  the  abandon- 
ment of  nearly  all  the  Uralian  works,  except  those  kept  in  activity  by  the  Demidoff 
family. 

Other  Gold  Alluvia  on  the  Eastern  Flank  of  the  Chain. — For  an  account  of  many 
of  the  numerous  sites  of  gold  worked  along  the  east  flank  of  the  Ural,  besides  that 

1  See  Humboldt,  Asie  Centrale,  torn.  i.  p.  517,  where  Baron  Humboldt  suggested  this  idea.  "  L'ab- 
lence  totalc,"  says  he,  "  du  quartz  dans  lea  lavage*  qui  renferment  le  platine  seul  a  Nijni  Tagilsk,  eat  un 
fait  tcllcment  important,  que  Ton  be  dctnandc  si  le  peu  de  platine  qui  cat  melt-  a  toutes  lea  alluvions  au- 
riferes  appartieut  cxclusivement  a  la  mOme  source,  H  une  distrmination  primitive  dans  la  serpentine  avec  fer 
chromatl,  ou  si  Ton  doit  admettrc  que  dans  les  lavages  trcs  pauvrcs  cn  platine  le  metal  a  6tc  originuire- 
ment  rcuni  a  Tor  dans  les  filon*  de  quartz  raeme.  qui  out  traverse  les  schistes  talqueu*  et  chloritiqucs." 

»  Beise  nach  dem  Ural,  2  Abth.  p.  212. 
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of  Berezovsk,  to  which  we  have  briefly  adverted,  we  must  again  refer  our  readers 
to  the  many  excellent  and  minute  details  in  the  work  of  M.  Rose.  Whether  in  the 
zone,  which  is  most  eminently  productive  of  gold  (that  which  ranges  by  the  eastern 
side  of  Nijny  Tagilsk,  and  is  probably  the  continuation  of  that  of  Berezovsk),  or  in 
the  less  productive  zone  nearer  to  the  Ural  crest,  which  extends  southwards  from 
the  west  side  of  Nijny  Tagilsk  to  the  west  of  Neviansk,  and  includes  the  works  of 
Rudiansk  and  Verchneivinsk  ;  or  again  in  the  auriferous  zone  much  further  to  the 
east, — in  all  these  tracts  the  phenomena  are  essentially  the  same.  The  allu- 
vium is  everywhere  a  coarse  local  detritus,  varying  in  thickness  from  two  to  ten 
and  twelve  feet,  and  usually  covered  by  much  stiff  clay.  The  component  stony 
fragments  in  each  work  necessarily  vary,  according  to  the  nature  of  the  adjacent 
rocks ;  but  in  almost  every  case  quartz  is  abundant,  generally  accompanied  by 
pieces  of  highly  crystalline  chlorite  schist,  talc  schist  or  clay  slate.  In  one  quarry 
or  set  of  works,  fragments  of  beresite  or  decomposed  granite  prevail,  in  another 
greenstone  porphyry,  in  a  third  serpentine,  in  a  fourth  augite  porphyry.  Iron 
pyrites  appear  in  one  and  not  in  another,  but  garnets,  zircons,  magnetic  iron  ore, 
chromate  of  iron,  specular  iron  and  other  iron  ores,  are,  with  rare  exceptions,  com- 
mon to  all  these  accumulations.  One  of  the  most  remarkable  of  all  these  loose 
deposits  between  Nijny  Tagilsk  and  Ekaterinburg,  as  illustrating  our  own  views  of 
the  nature  of  the  waters  which  must  have  been  employed  in  accumulating  such 
shingle,  is  cited  by  Colonel  Hclmersen  on  the  left  bank  of  the  Neiva  and  Zavod 
lake  of  Neviansk.  There  the  detritus  of  very  great  thickness  occupies  ground  higher 
than  any  in  the  immediate  neighbourhood,  and  is  spread  out  in  a  direction  almost  at 
right  angles  to  the  little  river  Neiva,  which  flows  at  its  foot.  It  is  just  such  a 
massive  pile  of  detritus  as  one  of  those  which  we  have  described  on  the  west  flank 
of  the  chain  at  Chrestovodsvisgensk.  The  upper  layer  consists  of  yellowish  red 
clay,  with  a  few  rollers  ouly  and  a  little  gold,  from  seven  to  ten  feet  thick  ;  the 
next,  of  a  dark  red  earthy  mass  in  the  upper  end  of  the  excavations,  seven  to  ten 
feet ;  and  in  the  lower  eight  to  nineteen  feet,  and  spreading  out  over  a  breadth  of 
320  feet,  the  whole  being  auriferous.  This  mass,  observes  Colonel  Hclmersen,  is 
so  rich  in  pebbles  of  white  quartz,  that  in  some  places  it  resembles  a  quartz  con- 
glomerate, whilst  in  other  parts  are  many  fragments  of  red  quartz,  clay  slate,  brown 
iron  ore,  serpentine,  talc  schiefer  and  white  dolomite.  That  the  quartz  pebbles  are 
the  chief  auriferous  fragments,  is  placed  beyond  a  doubt,  for  one  quartz  block  was 
found  to  contain  upwards  of  four  pounds  of  gold. 
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Gold  Alluvia  at  Soimanofsk  in  the  South  Ural. — Let  us  now  cast  a  glance  over 
the  gold  mines  to  the  north  and  south  of  Miask,  on  which  some  of  the  features 
which  bear  upon  our  views  are  still  better  developed  than  in  the  North  Ural. 
One  of  the  most  northern  of  these  spots,  called  Soimanofsk,  is  highly  interesting, 
as  being  situated  upon  a  great  line  of  igneous  eruption  and  metamorphism,  to 
which  allusion  has  already  been  made.  It  lies,  in  fact,  at  the  opening  of  a  small 
transverse  valley,  close  to  the  foot  of  the  chain,  in  which  masses  of  quartzose  and 
schistose  rocks,  with  a  very  copious  development  of  limestone  enveloped  in  serpen- 
tinous  and  other  eruptive  rocks,  are  covered  with  a  very  great  thickness  of  auri- 
ferous alluvia.  A  large  portion  of  the  auriferous  gravel  having  been  removed, 
the  limestone  has  been  exposed  throughout  a  considerable  area,  as  represented  in 
this  woodcut,  and  it  is  curious  to  observe  to  what  powerful  action  its  surface  had 
been  subjected  before  this  detritus  was  lodged  in  it. 

63. 


e*.  Euftraiioa  at  ttie  gqfai  afciagt*.  •-  Bed  of  iJm  rmUet  bofot*  thm  woffca  were  cafamcoced.  n.  The  present  bed  at  the  mulct, 


The  tops  of  the  highly  inclined  beds  are,  in  fact,  rounded  off,  and  the  interstices 
between  them  worn  into  holes  and  cavities,  as  if  by  the  action  of  water.  Now 
here,  as  at  Berezovsk,  mammoth  remains  have  also  been  found,  and  they  were 
lodged  in  the  very  lowest  part  of  the  excavation,  at  the  spot  to  which  the  figure 
of  a  man  is  pointing  in  the  above  woodcut,  and  at  about  fifty  feet  beneath  the  sur- 
face of  overlying  gravel,  before  it  was  removed  (see  upper  dotted  line  c#).  The  evi- 
dence at  this  spot  seems  therefore  decisive  of  the  fact,  that  the  entombment  of  the 
mammoths  was  here  accompanied  by  powerful  local  debacles,  which  filled  up  the 
depressions  with  the  debris  of  the  adjacent  ridge1.  To  this  consideration,  however, 
we  shall  return  in  the  sequel. 

1  That  streams  like  those  which  now  flow  could  never  have  accumulated  the  immense  mass  of  detritua 
here  exposed,  is  seen  by  referring  to  the  present  small  rivulet  o.  the  bed  of  which  has  been  lowered  by 
the  miners  to  the  level ». 
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Gold  Mines  South  of  Miask. — Amid  the  many  auriferous  tracts  along  the  eastern 
flanks  of  the  Ural,  there  is  no  one  which  has  afforded  greater  wealth,  none  cer- 
tainly in  which  6uch  large  lumps  of  gold  ore  have  been  found,  as  in  the  tract  which 
extends  from  the  parallel  of  Miask  to  the  south  of  the  lake  Aushkul,  and  is  in- 
closed between  the  Ural-tau  on  the  west,  and  the  Ihnen  ridge,  or  its  prolongations 
on  the  cast.  It  is  probable  that  a  great  portion  of  this  gold  ore  has  been  derived 
from  the  breaking  up  of  quartzose  veinstones,  which  intersected  the  clay  slate  and 
chlorite  schist  of  this  region ;  such  veins  having,  in  fact,  been  partially  worked 
to  the  west  of  Miask  (see  Coloured  Section,  PI.  III.  fig.  1).  The  tract  to  which 
we  now  particularly  invite  attention,  lies,  however,  to  the  south  of  Miask,  and  com- 
prehends the  very  productive  mines  on  the  left  bank  of  the  river  Miass,  or  in  the 
depressions  watered  by  the  streamlets  Kutaranganka,  Iremel,  &c.  Ascending  the 
river  Miass  along  a  rich  verdant  valley,  we  were  much  surprised  in  having  a  site  of 
gold  ore  pointed  out  in  the  very  heart  of  a  calcareous  basin  which  occupies  this 
portion  of  the  valley,  and  between  eruptive  rocks  both  on  the  east  and  west.  In 
some  parts  the  cliffs  forming  the  banks  of  the  little  stream  arc  seen  to  be  composed 
of  hard  and  altered,  but  regularly  bedded  and  jointed  limestone,  in  which  encri- 
nites  are  occasionally  discernible,  and  in  one  of  the  denudations  in  this  rock  the 
gold  workings  called  Verchne-Miask  have  been  established.  The  detritus  here 
maybe  termed  a  heavy  argillaceous  breccia  from  six  to  twenty  feet  thick,  in  which 
blocks  or  fragments  of  limestone,  varying  from  four  inches  to  seven  inches,  and 
even  to  occasional  slabs  from  four  feet  by  two,  are  associated  with  smaller  frag- 
ments of  quartz,  greenstone,  chlorite,  schist,  &c.  ;  the  whole  resting  on  the  dis- 
turbed edges  of  the  limestone.  Now  the  points  to  which  wc  wish  to  call  attention 
in  reference  to  this  detritus,  are,  first,  that  the  smaller  fragments  are  those  which 
have  travelled  over  the  little  valley  on  the  west,  whilst  the  larger  are  those  of  the 
limestone  in  situ,  many  of  which  have  merely  been  re-aggregated  on  the  spot  ;  and, 
secondly,  that  gold  ore  also  occurring  in  the  harder  and  other  materials,  is  also 
said  to  be  disseminated  through  this  limestone'. 

The  most  productive  of  the  gold  workings  of  this  tract  occur  in  the  undulating 
grounds  on  the  western  side  of  this  valley*,  where  the  depressions  around  several 

1  Thk  fact  of  gold  heing  diffused  through  limestone,  we  mention  on  the  authority  of  General  Anosuff 
and  Major  Lissenku,  who  were  there  with  us. 

'  M.  G.  Kose  has  given  n  very  minute  description  of  the  nature  of  the  detritus  and  subjacent  rocks 
at  many  of  these  gold  works.    (See  his  Special  Map  of  this  tract,  vol.  ii.) 
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little  conical  hills,  composed  of  serpentine,  diallage  and  other  trappa?an  rocks  with 
slaty  schists,  rise  up  and  form  low  counterforts  on  the  eastern  edge  of  the  Ural- 
tau.  Little  streamlets  called  Tashkuturgan  and  Kushkinovka,  across  either  of 
which  a  man  can  jump,  are  employed  for  the  grinding  and  washing  of  this  detritus. 

In  order  to  satisfy  the  reader  that  the  gold  alluvia  have  been  formed  in  an  ancient 
alluvial  period,  when  the  relations  of  land  and  water  differed  from  those  of  the 
present  day,  we  first  annex  a  little  diagram  taken  from  a  spot  adjacent  to  the  works 
of  Zarcvo  Nikolayefsk. 

64. 


This  drawing  represents  a  conical  hill  upwards  of  100  feet  in  height,  chiefly 
composed  of  a  slaty  greenstone,  from  the  sides  and  summit  of  which  gold  detritus, 
consisting  of  fragments  of  quartz  veins,  chlorite  schist  and  greenstone  have  been 
taken  in  greater  abundance  in  and  towards  the  depressions  on  the  sides,  though 
in  smaller  quantities  all  over  the  hill  and  even  to  its  summit.  This  fact,  like  that  near 
Neviansk,  proves,  that  although  the  detritus  is  more  or  less  local,  it  has  been 
accumulated  by  an  agency  which  carried  it  down  in  broad  sheets,  and  distributed 
it  over  all  the  inequalities  of  the  surface,  lodging  it  on  acclivities  as  well  as  in 
hollows.  In  the  depressions,  as  might  indeed  be  looked  for,  the  greatest  masses 
of  detritus  have  been  accumulated,  and  there  only  are  they  c  overed  with  a  thick 
spread  of  clay.  In  these  latter  hollows,  particularly  around  the  Zavod  of  Zarevo- 
Alexandrofsk,  the  very  heavy  "  pepites  "  or  lumps  of  solid  gold  have  been 
found  (evidently  portions  of  very  rich  veinstones  or  nests  of  ore)  which  have  ren- 
dered this  locality  so  celebrated'.  At  the  period  of  our  visit,  t  he  heaviest  of  these 
"  pepites  "  (others  of  thirteen  and  sixteen  pounds  having  preceded  it)  weighed 
twenty-four  pounds  sixty-eight  zolotniks  j  but  since  we  left  Russia  a  lump  of 
native  gold  was  found  in  these  works  in  1843,  which  is  now  deposited  with  the 
others  in  the  Museum  of  the  Imperial  School  of  Mines,  and  which  weighs  about 

1  Tbe»e  working*  vary  much  in  their  value  ;  formerly  they  gave  from  9  to  10  zolotnik*  of  gold  per 
pood  of  gravel,  now  they  afford  1  i  zolotnik  only.    For  the  equivalent  of  Kuuian  weights,  bcc  p.  477. 
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aeventy-cight  English  pounds 1 !  This  may  fairly  be  called  the  largest  gold  boulder 
which  was  ever  washed  away  from  a  rock !  Large  lumps  of  gold  are,  however, 
to  be  considered  as  exceptions  in  the  Ural,  and  most  of  those  which  are  of  any 
magnitude  have  been  found  in  this  one  small  tract  watered  by  the  Tashkutur- 
gan  rivulet,  and  collected  at  the  adjacent  works  of  Zarevo-Alexandrofsk  and 
Nikolayefsk. 

It  forms,  as  before  said,  no  part  of  our  design  to  enter  either  into  the  mincralo- 
gical  or  statistical  details  connected  with  these  gold  mines*.  Referring  the  reader 
to  the  mining  map  of  this  district,  published  by  M.  Rose,  we  simply  beg  to  call 
attention  to  our  rude  drawing  of  a  portion  of  the  works  a  very  little  to  the  north 
of  a  monument  erected  to  commemorate  the  visit  of  the  Emperor  Alexander  in 
1824. 


C5. 


In  clearing  away  the  auriferous  detritus,  here  from  ten  to  twelve  feet  in  thick- 
ness, portions  of  the  fundamental  rock  were  laid  open,  the  surfaces  of  which  are 
so  hollowed  out  into  cavities,  as  to  leave  no  doubt  that,  like  the  previous  example 
(p.  487),  they  must  have  been  subjected  to  very  considerable  erosion  by  water, 
though,  for  reasons  which  we  shall  presently  assign,  we  believe  that  this  effect 
was  produced  at  an  ancient  period,  and  not  when  they  were  buried  under  the  coarse 

1  The  first  mentioned  of  these  specimens  was  found  on  the  occasion  of  the  visit  of  the  Emperor 
Alexander  to  these  mines,  when  the  little  monument  represented  in  the  above  woodcut  was  erected. 
The  large  pepite  was  found  at  some  depth  in  the  alluvia  on  which  one  of  the  old  buildings  had  been  placed. 
See  Major  Oserkys'  description  of  this  and  other  Russian  "  pepites" ;  Kais.  Rusa.  Min.  Gcsell.  Jahr 
1844.  p.  70.  with  figures  of  the  two  chief  lumps  of  gold. 

«  M.  Rose  states  that  upwards  of  100  localities  in  the  Miask  district  are  auriferous. 
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gold  shingle  and  drift  which  surround  them.  The  chief  of  these  projecting  bosses 
of  rock  consisted  of  greenstone  passing  into  a  large  concretionary  felspar  rock, 
and  in  contact  with  these  trappsean  masses  are  veinstones  of  quartz  and  calc  spar 
in  talc  schist,  &c.  These,  in  short,  as  well  as  various  others  along  the  eastern  edge 
of  the  Ural-tau,  are  the  rocks  out  of  which  the  auriferous  detritus  has  been  de- 
rived ;  and  in  the  great  mass  of  local  drift  we  see  quite  enough  to  convince  us 
that  it  must  have  been  got  together  during  long  periods  of  attrition  and  atmo- 
spheric action.  To  this  coarse  and  ancient  detritus,  the  existiug  water-courses  have 
simply  this  relation, — that  they  have  partially  hollowed  out  channels  in  it,  just  as 
the  rivers  of  England  and  France  have  worn  their  way  through  the  ancient  gravel, 
which  is  there  spread  over  low  and  broad  expanses,  whether  former  estuaries  or 
rivers  of  those  countries.  This  observation  applies,  indeed,  to  every  heap  of 
auriferous  detritus  on  the  Siberian  flank  of  the  Ural. 

If  it  were  our  object  we  might  describe  other  auriferous  localities  which  we 
visited,  such  as  that  of  Cossatchi-datchi,  where  the  gold  detritus  is  lodged  against 
the  foot  of  the  carboniferous  limestone,  whose  fossils  and  condition  have  been  de- 
scribed, and  of  the  Mindiak  river  between  Verch-Uralsk  and  the  Ural-tau  on  the 
west ;  but  we  have  already  said  more  than  enough  for  the  objects  of  our  general 
reasoning1. 

In  the  South  Ural,  then,  as  in  the  North,  the  remains  of  mammoths,  Ros  Urus, 
and  Rhinoceros  tichorhintu*  are  found  in  all  the  coarse  detritus ;  but  as  that  only 
which  is  auriferous  is  cut  into,  the  bones  are  seldom  detected  out  of  the  line  of  the 
gold  works.  The  Bashkirs,  indeed,  attach  a  superstitious  feeling  of  respect  to 
these  bones,  and  have  been  known  to  say  to  the  Russian  miners  who  first  settled 
among  them,  "Take  from  us  our  gold  if  you  will,  but  for  God's  sake  leave  us  the 
bones  of  our  ancestors5." 

1  In  the  southern  Bashkir  districts  the  upper  drift  of  the  country  is  often  composed  of  black  earth,  that 
substance  covering  the  coar*o  shingle,  just  as  the  yellow  or  grey  clay  surmounts  it  in  the  north.  Such 
examples  are  clearly  displayed  in  the  valley  of  U>e  little  river  Mindiak.  between  Verch-Uralsk  and  the 
Ural-tau.  In  short,  no  one  can  have  cast  his  eye  over  the  adjacent  region*  of  Siberia,  without  seeing 
that  this  black  earth  or  "  tchoraozera"  is  there  the  most  recent  of  the  alluvial  accumulations,  as  it  is 
never  surmounted  by  but  always  overlaps  the  coarser  alluvia  which  we  have  been  considering  (see  the  last 
Chapter). 

«  From  a  description  of  Pallas  it  is  believed,  that  remains  of  mastodon  have  also  been  found  in  the  Ural 
Mountains.    They  have  certainly  been  found  in  Southern  Russia  (see  p.  503). 

5  The  Samoycdcs  (as  Count  Kcyscrling  learnt  in  his  tour  to  the  Petchora)  have  a  most  singular  belief 
resisting  the  mammoth,  which  would  lead  us  to  suppose,  that  many  entire  forms  of  the  animal  may  (ruin 
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Habitation  and  Destruction  of  the  Mammoths. — Though  mammoths  occur  in  cer- 
tain quantities  on  the  flanks  of  the  Ural,  thus  leading  us  to  believe,  that  when  alive 
they  inhabited  the  tract  where  their  skeletons  are  entombed,  it  must  be  recollected, 
that  as  by  other  proofs  wc  have  already  endeavoured  to  show  the  comparatively 
recent  elevation  of  the  Ural  crest,  this  region  cannot  be  looked  upon  as  having 
been  rendered  highly  mountainous  until  the  very  period  when  great  numbers  of 
these  animals  were  destroyed — a  destruction  which  we  believe  to  have  been  mainly 
accomplished  when  the  present  watersheds  between  Europe  and  Asia  were  deter- 
mined. 

Let  us  suppose,  then,  that  the  mammoths  and  their  associates  ranged  over  these 
hills,  when  they  formed  the  elevated  edge  of  an  eastern  continent.  Further, 
let  it  be  assumed  (and  this,  indeed,  is  quite  in  accordance  with  the  physical 
features  of  this  region),  that  the  greater  number  of  tin-  broad  depressions  which  are 
now  tilled  with  auriferous  aud  mammoth  detritus  were  then  occupied  by  lakes,  in  the 
grounds  around  which  these  extinct  quadrupeds  had  long  lived,  and  into  whose 
shores  or  bottoms  their  bones  had  been  washed  for  ages,  and  we  shall  then  have 
before  us  the  conditions  which  will  best  explain  the  Uralian  phenomenon.  No 
one  can  observe  what  the  Russian  miner  has  accomplished,  by  damming  up  the 
existing  rivers,  and  thus  forming  artificial  lakes  in  every  sinuous  tract  in  which 
ores  are  worked,  without  being  naturally  led  to  the  idea  which  we  suggest,  that 
larger  and  deeper  lakes  were  formerly  in  existence, — lakes,  in  fact,  which  in  still 
more  primaeval  times  fed  the  great  rivers  that  washed  the  Permian  detritus  to  the 
sea  then  existing  upon  the  west.  Granting  these  premises,  all  the  relations  of  the 
Uralian  mammoth  alluvia  may,  it  appears  to  us,  be  rationally  explained ;  for  in 
some  of  the  most  violent  movements  of  elevation  which  gave  rise  to  the  present 
central  watershed,  we  may  readily  conceive  how,  their  barriers  being  broken  down, 
these  lacustrine  waters  were  poured  off,  and  how  their  shingly  bottoms  and  shores, 
already  containing  bones  of  mammoths,  were  desiccated  and  raised  up  into  the 
irregular  mounds  which  now  constitute  the  auriferous  alluvia.  The  very  nature  of 
the  auriferous  shingle,  with  its  subangular  fragments,  so  completely  resembles  the 
detritus  of  lakes,  and  is  so  unlike  the  gravel  formed  on  the  shore  of  seas,  that 

time  to  time  have  been  known  to  them  or  their  predecessor*.  The  mammoth  of  their  legend  U  a  great 
subterranean  monster  delighting  in  ice  caverns,  and  to  whom  they  attach  a  superstitious  reverence,  believing 
that  the  man  who  exposes  the  creature  to  day.  thereby  kills  it  and  brings  misfortune  on  hU  family.  This 
serves  to  explain,  why  it  is  so  difficult  to  obtain,  through  the  natives,  the  disinterment  of  an  entire  animal. 
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independent  of  the  entire  absence  of  any  marine  remains  whatever  of  tertiary  or  recent 
age,  all  along  the  immediate  eastern  flank  of  the  Ural  mountains,  we  have  no 
hesitation  in  believing,  that  the  gold  detritus  was  accumulated  during  a  terrestrial 
and  lacustrine  condition  of  the  surface.  One  fact  only  which  we  have  mentioned 
seems,  at  first  sight,  to  militate  against  this  view,  viz.  the  deeply  eroded  surfaces 
of  some  of  the  palaeozoic  rocks.  But  however  these  appearances  may  have  been 
produced,  it  is  manifest  they  could  not  have  resulted  from  the  denuding  action  of 
the  same  water,  in  which  the  shingly  and  slightly  rounded  angular  detritus  was 
formed.  Such  abraded  surfaces  may,  to  a  great  extent,  have  been  produced, 
at  periods  long  anterior  to  that  of  which  we  are  now  treating,  and  when  the  edges 
of  the  paleozoic  strata,  first  emerging  from  beneath  the  sea,  left  their  irregular 
and  water-worn  surfaces  to  be  filled  with  terrestrial  and  lacustrine  deposits  of 
after-days. 

In  some  cases,  however,  the  denuding  and  abrading  power  of  waters,  produced 
both  by  the  bursting  of  lakes  and  the  change  in  the  direction  of  the  currents, 
must  have  been  very  considerable,  for  such  alone  would  account  for  several  of  the 
appearances  we  have  spoken  of,  and  the  transport  of  large  blocks  and  enormous 
pepites  of  gold  into  broad  lateral  depressions. 

In  proposing  a  lacustrine  entombment  for  the  Uralian  mammals,  we  are  borne 
out  by  the  constant  position  of  thick  masses  of  silt  and  clay  overlying  the  coarser 
shingle.  If  the  deposits  had  been  submarine — even  if  no  traces  of  shells  were 
visible,  there  might  have  been  some  indications  of  the  action  of  the  waves — some 
appearance  of  a  coast-line :  but  nowhere  can  the  geologist  imagine  such  a  former 
state,  whilst  the  superposition  of  the  clay  to  the  shingle  is  best  explained,  on  the 
hypothesis  of  formation  under  lacustrine  or  broad  fluviatile  conditions,  which  even- 
tually assumed  a  tranquil  character.  Such,  in  fact,  are  precisely  the  cases  of  the 
great  valleys  of  the  Rhine  and  the  Danube  ;  and  just  as  we  have  imagined  that  the 
mammoth  lived  in  those  Uralian  tracts,  when  the  adjacent  parts  of  Siberia  were 
occupied  by  lakes,  so  do  we  Buppose  that  the  like  animals,  whose  bones  are  found, 
both  in  the  coarse  shingle  of  the  Rhino  and  in  the  overlying  loss  near  Baden- 
Baden,  once  lived  upon  the  grounds  which  now  constitute  the  Black  Forest  and 
adjacent  Alpine  tracts  whence  the  detritus  has  been  derived.  With  evidences 
of  internal  lakes  and  ancient  rivers,  in  which  the  bones  of  some  of  its  ancient 
quadrupeds  were  lodged,  Great  Britain,  though  evidently  also  the  abode  of  mam- 
moths, is  distinguished  from  the  Ural  and  Siberia,  in  exhibiting  around  its  coasts, 
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and  even  far  into  the  interior,  the  proofs  of  the  abode  of  the  sea  or  marine  estuaries 
during  long  periods. 

But  we  now  return  to  the  Ural.  A  former  terrestrial  surface  on  which  the  great 
quadrupeds  lived  for  long  ages,  and  the  rupture  and  desiccation  of  adjacent  lakes, 
coincident  with  some  of  the  last  elevations  of  the  chain,  will,  we  are  convinced, 
hest  explain  the  condition  in  which  the  remains  of  the  mammoths  are  left  buried 
on  the  edges  of  the  uplifted  ridges  of  the  Ural,  as  well  as  in  the  low  lands  and  great 
estuaries  furthest  removed  from  them.  In  the  depressions  at  the  very  foot  of  the 
chain,  the  mammoth  skeletons  arc  broken  up,  and  their  bones,  together  with  those 
of  Rhinoceros  tiehorhinus  and  Bos  Urus,  are  rudely  commingled  in  the  coarse  shingle, 
derived  from  the  mountains  or  in  the  clay  above  it.  In  proportion,  however,  as 
we  advance  into  the  plains  of  Siberia  or  descend  into  the  valley  of  the  Tobol  and 
the  Ohe  or  their  affluents,  these  bones  increase  in  quantity,  and  arc  at  the  same 
time  in  much  better  conservation.  Even  in  the  flat  country  of  Siberia,  about 
thirty  versts  eastward  of  our  excursion  on  the  Issctz  (sec  p.  3G6),  Pallas  mentions 
the  occurrence  of  teeth,  vertebra  and  bones  of  mammoth  and  remains  of  fossil  ox,  as 
having  beeu  found  abundantly  by  the  peasants  at  several  localities  near  Tamakulsk 
and  the  source  and  banks  of  the  little  streams  Atish  and  Suvarish,  both  tributaries 
of  the  Issetz.  He  also  gives  (from  the  information  he  received)  a  detailed  account 
of  the  order  in  which  various  beds  of  sand  and  clay  there  succeed  to  each  other, 
and  in  which  sharks'  teeth  and  palates  of  fishes  also  occur.  Hence  he  concludes, 
that  the  beds  in  which  the  bones  were  found  formed  the  bottom  of  an  argillaceous 
sea,  and  that  certain  sandy,  micaceous  materials  in  superior  beds  were  washed 
down  from  the  mountains.  Now  we  cannot  for  a  moment  suppose  that  the  great 
naturalist  could  have  been  mistaken  in  the  marine  character  of  the  fish  remains  ; 
but  as  he  did  not  visit  the  spot  himself1,  there  may  still  be  some  doubt  that  the 
mammoths'  bones  occur  in  the  very  same  beds  with  the  fossil  wood,  sharks'  teeth, 
&c. ;  for  these,  we  apprehend,  must  certainly  belong  to  the  tertiary  deposits  of  clay, 
sand,  lignite  and  millstone  grit  of  which  we  took  leave  at  Kaltchedansk,  and  which 
appear  to  extend  widely  into  Siberia.  That  deposit  is,  we  must  think,  of  higher  an- 
tiquity than  the  detrital  accumulations  which  inclose  the  mammoths.  However  this 
may  be,  the  further  the  Siberian  rivers  are  followed  towards  their  mouths,  the  more, 

<  Pallas  derived  his  information  respecting  the  order  of  the  beds  and  the  position  of  the  remains  at 


and  near  Tamakulsk  from  Colonel  Bibikoff,  Director  of  the  Forge  of  Kameusk  (see  vol.  ii.  p.  392. 
French  Ed.,  1793). 
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we  repeat,  do  the  mammalian  remains  increase1,  until  at  length  whole  skeletons 
have  heen  found  entire,  some  with  all  the  flesh  and  hair  adherent.  Unwilling, 
as  wc  always  were,  to  adopt  the  idea  of  Cuvier  and  other  eminent  geologists, 
that  entire  mammoths  with  their  skin  were  killed  and  preserved  by  a  sudden 
change  of  climate,  we  now  distinctly  advocate  the  views  of  Lyell  and  Humboldt, 
that  these  creatures  were  the  denizens  of  countries  near  to  which  their  bones  are 
found*. 

The  single  fact  of  the  very  wide  diffusion  of  mammoth  bones  over  the  surface 
of  such  enormous  regions  of  the  earth,  would  in  itself  lead  us  to  believe,  that  those 
creatures  had  really  been  long  inhabitants  of  such  countries,  living  and  dying  there 
for  ages,  whilst  their  final  destruction  may  have  resulted  from  aqueous  debacles 
dependent  on  oscillations  of  the  land,  the  elevation  of  ridges,  and  the  formation 
of  much  local  detritus.  In  the  case  of  the  extinct  species  of  Carnivora,  it  has  been 
happily  and  successfully  shown  by  Dr.  Buckland,  that  for  long  ages  they  inhabited 
the  caves  of  the  British  Islands.  Again,  in  low  tracts  of  Yorkshire,  where  tran- 
quil lacustrine  deposits  have  occurred,  their  bones  (even  those  of  the  lion)  have 
been  found  so  perfectly  unbroken  and  unworn  in  the  fine  gravel  in  which  they  are 
heaped  up  (as  at  Market  Wcighton)3,  that  few  persons  would  be  disposed  to  deny, 
that  such  feline  and  other  animals  once  roamed  over  the  British  Isles  as  well  as 

1  Sujeff,  the  &.wxUte  of  Pallas,  found  these  mammalian  remains  in  great  abundance  on  the  banks  of 
the  Obc.  near  the  mouth  of  the  Pittiarski  and  150  vent*  aouth  of  Berezof.    (Pallas,  vol.  iv.  p.  50.) 

*  For  some  time  the  frozen  mammoth  found  by  Adams  and  deposited  in  the  Imperial  Museum  at  St. 
Petersburg  was  an  unique  specimen.  Since  then  two  other  examples  have  been  reported,  and  one  of 
these  is.  wc  are  informed  by  Mr.  Frears,  on  the  point  of  arriving  at  the  museum  of  Moscow.  The  con- 
serration  of  the  akin  is.  indeed,  not  peculiar  to  the  mammoth,  but  also  applies  to  the  Rki*ocero$  tichorhintu, 
portions  of  whose  skin  and  hair  are  still  adherent  to  the  bones  of  a  fine  specimen  of  that  animal  preserved 
in  the  Museum  of  Natural  History  at  St.  Petersburg,  and  deposited  there  by  Pallas.  On  referring  per- 
sonally to  Baron  Humboldt  since  the  publication  of  his  work  on  Central  Asia,  be  expressed  bis  opinion, 
that  the  perfect  conservation  of  the  skin,  mustachios  and  whole  body  of  Prince  Menzikoff,  buried  100 
year*  ago  in  Siberia  and  accidentally  disinterred,  ought  to  satisfy  us  respecting  the  conservation  of  the 
mammoth  by  simple  reference  to  the  climate  of  that  country. 

'  The  researches  of  the  Rev.  W.  V.  Harcourt  and  of  Mr.  H.  E.  Strickland  are  most  important  in 
showing  (the  former  at  Market  Weighton.  the  latter  at  Cropthorne  on  the  Avon)  the  co-existence  of  the 
mammoth.  Boa  Urus.  rhinoceros,  hippopotamus,  lion,  bear,  tiger,  hya;na.  deer,  &c.  (all  of  species  distinct 
from  those  in  existence),  with  land  and  freshwater  shells,  nearly  all  of  which  are  identical  with  species 
now  living  in  Britain ;  thus  proving,  that  no  very  great  change  of  climate  has  taken  place  since  these 


1834.  Silurian  System,  p.  554.  and  Phil. 
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other  European  countries.  Why  then  is  it  improbable,  that  large  elephants,  with 
a  peculiarly  thick  integument,  a  close  coating  of  wool  and  much  long  shaggy  hair, 
should  have  also  been  the  occupants  of  wide  tracts  of  Northern  Europe  and  Asia'  ? 
At  one  time  it  was  deemed  expedient  to  imagine  a  sudden  fall  of  temperature  in 
order  to  account  for  the  peculiar  conservation  of  these  creatures,  by  which  they  were 
supposed  to  have  been  at  once  frozen  up  in  the  mud  into  which  they  had  been 
washed,  or  the  morasses  into  which  they  had  sunk. 

The  discovery,  indeed,  of  a  Rhinoceros  tichorhinus  by  Pallas,  with  its  skin  and 
flesh  adherent,  upon  the  banks  of  the  Viljni,  a  tributary  of  the  Lena  (a  portion  of 
this  rhinoceros,  with  the  skin  and  hair  adherent  to  the  sides  of  the  head,  are 
now  to  be  seen  in  the  Museum  of  Natural  History  at  St.  Petersburg),  and  still 
more  the  subsequent  acquisition  of  the  entire  carcass  of  a  mammoth,  on  the  banks 
of  the  Lena  in  lat.  70°  N.,  by  Mr.  Adams,  the  details  relating  to  which  have  been 
so  fully  given  by  geologists  of  all  countries,  naturally,  indeed,  led  to  such  ideas. 
Convinced,  by  their  perfect  preservation,  that  these  animals  must  have  lived  in 
or  near  the  countries  where  their  bones  arc  found,  Cuvier  declared  it  to  be  his  opi- 
nion, that  they  must  have  disappeared  by  a  revolution  which  at  once  destroyed 
all  the  individuals,  accompanied  by  a  sudden  change  of  climate. 

In  England  this  view  was  very  ably  sustained  by  Dr.  Buckland,  and  particularly  in 
his  memoir  on  the  fossil  remains  which  occur  in  Eschscholtz  Bay,  and  other  places 
on  the  east  side  of  Behring's  Straits*,  where  vast  quantities  of  mammoths'  bones 
occur  in  mud  cliffs,  apparently  similar  to  those  of  the  mouths  of  the  Lena  and 
other  great  rivers  in  Northern  Siberia.  So  long  as  geologists  were  compelled  to 
argue  upon  the  nature  and  habits  of  the  mammoth,  as  if  it  were  similar  to  an 
Asiatic  elephant,  the  opinions  of  such  great  masters  were  necessarily  dominant. 
Mr.  Lyell  had,  however,  the  courage  to  lead  the  way  in  taking  a  new  and  highly 
philosophic  view  of  the  subject  by  suggesting,  that  the  peculiar  covering  of  these 
great  mammals  rendered  them  tit  inhabitants  of  a  northern  climate,  and  that  no 
greater  catastrophes  were  required  to  account  for  their  destruction,  than  the  gradual 
elevation  of  large  masses  of  Siberia,  which  laying  dry  the  low  shores  and  estuaries 

1  Thi»  coating.  Dr  Fleming  has  well  remarked,  was  probably  as  impenetrable  to  raid  and  cold  as  that 
of  the  musk  ox  of  the  polar  circle,  Rdinb.  New  Phil.  Journ..  No.  12.  p.  285. 

•  See  Beechcy's  Voyage  to  the  Pacific,  vol.  ii.  Appendix,  p.  593.  Besides  the  abundant  remains  of 
mammoths.  Dr.  Buckland  describe*  those  of  &»  Unu.  deer  and  horse.  They  occur  in  cliff,  of  mud  and 
sand  about  90  feet  high,  which  are  usually  much  congealed  and  frozen. 
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into  which  their  bones  had  been  washed,  would  necessarily  render  the  climate  much 
more  intensely  cold1. 

But  even  if  it  be  admitted  that  the  climate  must  have  been  more  mild  when 
mammoths  lived  than  at  the  present  day,  there  still  occurred  the  obvious  diffi- 
culty, that  without  some  entire  change  in  the  nature  of  its  vegetation,  of  which 
the  surface  of  Siberia  offers  no  indications,  by  no  possibility  could  a  great  phyllo- 
phagous, or  branch-eating  animal  like  the  true  elephants  (which  require  rich  Asiatic 
jungles  for  their  sustenance),  have  lived  in  a  region  of  fir-trees,  birch,  willows  and 
moss.  Comparative  anatomy  and  physiology  have  here,  however,  fortunately 
come  to  the  assistance  of  the  geologist,  and  in  this,  as  in  many  other  of  his 
darkest  paths,  have  been  his  surest  beacons.  Examining  and  comparing  the 
composite  structure  of  the  very  numerous  teeth  of  the  mammoth,  Professor  Owen 
has  ascertained  that  they  possess  a  peculiarity  in  the  greater  proportion  of  the 
dense  enamel,  which  essentially  distinguishes  them  from  the  teeth  of  the  Asiatic 
or  African  elephant,  and  which  specially  provided  the  mammoth  with  the  means  of 
subsisting  upon  the  coarser  ligneous  tissues  of  trees  and  shrubs.  In  short,  this 
great  zoological  authority,  combining  the  consideration  of  the  peculiar  structure  of 
their  teeth  with  the  nature  of  their  epidermis  and  coverings,  has  come  to  the  con- 
clusion, that  the  mammoth  was,  by  its  very  organization,  a  meet  companion  for 
the  rein-deer  and  other  inhabitants  of  the  north*! 

Applying  the  views  of  Humboldt,  we  might  well  admit,  (hat  the  rise  of  the  Ural 
and  Altai  mountains,  and  with  them  of  enormous  masses  of  the  continent  of  Asia, 
must  have  so  refrigerated  Siberia,  that  its  forests,  which  in  the  halcyon  days  of 
mammoths  may  have  extended  in  certain  promontories  to  near  the  Icy  Sea,  had 
necessarily  shrunk  back  to  their  present  limits,  and  left  these  coasts  entirely  to  the 
rein-deer  and  its  mosses.  But  to  require  our  belief  that  the  mammoth  ever  lived 
in  the  northernmost  tractfl  of  Siberia  is  uncalled  for,  since  geologists  well  know 
that  the  wide  and  low  tracts  of  Northern  Siberia,  in  which  its  remains  are  most 
abundant,  were  then  evidently  beneath  the  sea,  and  the  bones  must  have  been 

1  There  is  no  portion  of  Mr.  Lyell's  speculations  upon  ancient  physical  geography  which  has  impressed 
us  with  greater  respect  for  his  talents,  than  his  view  of  the  adaptation  of  the  mammoths  to  a  residence 
in  the  former  Siberia;  nnd  we  rejoice  that  the  geological  evidence*  we  have  brought  to  bear  upon  the 
question  essentially  sustain  his  inferences.  Sec  Lycll.  Principles  of  Geology.  4th  Ed.rol.  i.  pp.  141,  150 
et  trq.,  where  the  whole  question  is  discussed  with  references  to  Dr.  Fleming  and  other  zoologist*. 

•  See  Owen's  History  of  British  Fosail  Mammalia  and  Birds,  1844.  p.  5261  cl  *eq. 
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drifted  thither,  and  possibly  for  some  distance'.  Yet  if  we  suppose,  that  these 
animals  lived  on  certain  lands,  as  in  the  Ural  and  the  north-trending  chains,  up  to 
60°  and  65°  N.  lat.  (which  facts  and  physical  conditions  warrant),  we  are  still  in- 
debted to  Professor  Owen  for  having  removed  the  greatest  of  all  the  difficulties 
which  previouslye  nvironed  the  problem  j  since  there  is  no  longer  any  objection 
to  the  mammoth  being  an  inhabitant  even  of  the  Arctic  Circle,  provided  (and  there 
are  still  such  examples  in  Europe)  fir-trees  and  shrub-like  vegetables  could  exist  in 
such  latitudes. 

From  the  physical  structure  of  the  region  we  are  indeed  entitled  to  suppose,  that 
not  only  the  Ural  and  Altai  mountains,  but  also  their  advanced  northern  ridges 
and  plateaux  (a  half  or  two-thirds  of  Siberia),  formerly  constituted  a  region  covered 
with  forests,  like  those  of  the  Ural,  in  some  parts,  and  with  brushwood  steppes  in 
others,  from  which  whole  herds  of  mammoths,  as  suggested  by  Mr.  Lyell,  would 
naturally  migrate  in  the  summers  (even  now  intensely  hot)  to  the  embouchures 
of  the  great  streams  and  edges  of  the  then  Arctic  Sea.  Such  might  have  been, 
we  may  add,  the  position  and  condition  of  some  of  these  creatures  at  the  periods 
when,  as  we  have  imagined,  the  highest  ridges  of  the  Ural  were  thrown  up,  fol- 
lowed by  the  rupture  of  many  lakes,  and  the  consequent  inundation  of  large  tracts  of 
the  flat  country,  previously  frequented  by  these  great  herbivorous  animals.  During 
their  long  occupancy  of  these  lands,  myriads  of  their  carcases  must  doubtless  have 
been  washed  down  by  the  rivers  and  buried  in  local  mud  and  alluvium, — in  such 
positions,  in  fact,  as  they  are  found  along  the  banks  of  the  Sosva  and  the  tribu- 
taries of  the  Obe,  before  alluded  to.  Others  reaching  the  mouths  of  the  streams, 
may  easily  have  been  transported  into  the  estuaries,  and  even,  by  the  power  of 
such  volumes  of  water  as  are  poured  forth  into  the  glacial  ocean  by  the  Obe,  the 
Yenisei  and  the  Lena,  borne  out  far  to  sea  and  there  lodged  on  former  mud 
banks,  which  now  constitute  the  shores  of  New  Siberia,  where  thousands  of  bones 
of  these  mammals  are  interred*.    If  the  power  of  drifting  the  bodies  of  animals  to 

'  Marine  remains  were  found  by  Pallas,  associated  with  mammoths'  bones,  in  numerous  places  in  and 
about  70°  N.  lat. 

«  See  Admiral  Wrangel's  Voyage  for  a  description  of  the  sands  and  mud  of  the  "Tundra"  (evidently 
all  ancient  marine  sediment )  in  which  the  mammoth  bone*  are  found  on  the  continent,  including  his  com- 
paniun  Anjou's  account  of  their  enormous  quantity  in  the  isles  of  New  Siberia  (English  edition,  translated 


by  Mrs.  Sabine). 
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great  distances  be  assigned  to  any  rivers  (and  mariners  have  seen  floating  carcases 
in  the  ocean  very  far  removed  from  the  lands  from  whence  they  came),  in  no 
part  of  the  world  is  it  more  probable,  that  such  operations  may  have  been  carried 
on  upon  a  gigantic  scale,  than  from  the  northern  shores  of  Siberia,  where  such 
enormous  rivers  must  have  continuously  extended  their  influence  to  several  de- 
grees of  latitude  beyond  their  mouths,  and  where  the  nature  of  the  climate  is  sin- 
gularly favourable  to  the  conservation  of  animal  substances. 

And  here  let  us  say  a  word  more  on  the  ancient  physical  geography  of  this  region. 
Such  as  are  the  present  north-flowing  courses  of  the  great  Siberian  rivers,  such  we 
affirm  they  must  have  been  from  the  very  earliest  periods, — from  the  time,  in  short, 
when  the  pal/eozoic  rocks  constituting  the  Altai  and  L'ral  Mountains  and  their 
dependencies  were  raised  into  dry  lands,  never  more  to  be  depressed  beneath  the 
waters  of  the  ocean.  Infinitely  the  loftiest  and  the  grandest  of  these  chains,  the 
Altai  with  its  snowy  peaks  (yet  void  of  glaciers)  ranging  from  west  to  east,  is  the 
great  southern  watershed  from  whence  the  Siberian  rivers  must,  we  say,  have 
flowed  from  south  to  north  during  long  ages,  whilst  the  peculiarity  of  all  the  great 
counterforts  or  advanced  ridges  of  that  mighty  chain,  cousists  in  their  being  com- 
posed of  palaeozoic,  metamorphic  and  igneous  rocks,  which  equally  extend  from 
south  to  north  in  a  number  of  long,  low  meridian,  parallel  ridges.  These  north 
and  south  ridges,  of  which  the  Ural  is  the  westernmost,  thus  encase  each  river,  and 
preventing  its  flexure  to  the  cast  and  west,  have  necessarily  determined  its  course 
to  the  glacial  ocean,  from  epochs  long  anterior  to  the  creation  of  a  mammoth. 

Looking  to  their  low  altitude  above  the  sea,  their  muddy  and  sandy  compo- 
sition, and  also  to  the  discovery  by  Pallas  of  marine  remains  in  many  of  them,  we 
must  believe  that  all  the  low  promontories  between  the  Obe,  the  Yenisei 1  and  the 
Lena,  which  lie  northwards  of  the  ancient  ridges  and  plateaux,  were  under  the 
waters  and  estuaries  at  the  periods  when  the  mammoths  ranged  over  the  Ural,  the 
Altai  and  the  adjacent  regions  of  Siberia,  then  above  the  sea*.    Such  of  these 

1  We  write  Yenisei,  like  all  other  Russian  word*,  a*  it  in  pronounced.  The  German  J.  as  used  by 
Pallas  and  the  early  German  explorers  of  distant  parts  of  Russia,  has  unluckily  found  its  way  into  all 
English  maps.  Pallas  states,  that  the  fossil  bones  which  fall  from  the  high  cliffs  of  the  Yenisei,  opposite 
Krasnoyarsk,  are  so  numerous,  that  on  decomposing  they  form  a  substance  which  he  calls  "  Osteocolle." 
(Vol.  iv.  p.  443.  Fr.  Ed.    Sec  also  Appendix  to  Bcechcy's  Voyage.) 

*  The  definition  of  the  outlines  of  the  land  and  tttn  during  the  mammoth  period,  or  the  extent  to  which 
marine  estuaries  entered  into  the  continent  of  Siberia,  including  possibly  even  a  separation  of  the  Ural 
from  the  Altai,  can  alone  be  determined  by  the  united  labours  of  many  observe™.    If  the  data  of  Pallu. 
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creatures  as  were  entombed  in  masses  of  tenacious  clay  at  the  mouths  of  these 
estuaries  would  necessarily  be  preserved  almost  intact,  whilst  the  desiccation  and 
elevation  of  such  mud-banks,  accompanied  by  an  increase  of  cold,  due  to  the  raising 
up  of  a  large  terrestrial  surface  like  Siberia,  would  thoroughly  well  account  for  the 
occasional  conservation  of  their  thick  hides  and  much  of  their  animal  matter. 

Whether,  then,  we  argue  from  the  evidences  presented  to  us  in  the  Ural  chain 
and  its  flanks,  from  the  ancient  geography  of  Siberia,  or  from  the  natural  history 
of  the  mammoths,  and  their  adaptation  to  existence  in  the  same  parallels  of  latitude 
as  those  in  and  near  which  they  arc  now  found,  we  can,  it  appears  to  us,  arrive  at 
no  other  conclusions  than  those  which  we  have  endeavoured  to  sustain,  and  which, 
in  fact,  do  not  imply  even  as  great  an  oscillation  of  land  within  this  comparatively 
modern  period,  as  would  be  required  to  explain  the  surface  phenomena  of  most 
other  parts  of  Europe  with  which  we  are  acquainted.  In  truth,  the  uprising  of 
Siberia  "en  masse"  to  the  height  of  one  or  two  hundred  feet  above  its  general 
level  when  mammoths  lived,  will  amply  suffice  to  explain  both  the  desiccation  of 
its  northern  shores,  into  the  mud  of  which  the  fossil  terrestrial  remains  had  been 
washed,  and  the  increased  cold  over  that  vast  mass  of  continental  land. 

In  the  meantime  we  may  repeat,  that  whether  discovered  in  the  gravelly  detritus 
or  clay  on  either  flank  of  the  Ural,  in  the  high  banks  of  the  great  streams  which 
respectively  flow  into  Asia  and  Europe,  or  in  still  greater  quantities  on  the  sides 
of  the  estuaries  of  the  great  Siberian  rivers  upon  the  glacial  ocean,  in  all  cases  we 
find  the  mammoths  entombed  in  materials  which,  whether  coarse  lacustrine  shingle 
near  the  mountains,  or  mud  and  sand  at  a  distance  from  them,  all  announce  in  the 
most  emphatic  manner,  that  these  great  creatures  lived  in  lands  adjacent  to  lakes 
and  estuaries,  in  which  during  long  ages  their  bones  were  interred,  and  were  some- 
times carried  out  to  sea  and  commingled  with  oceanic  remains. 

Though  we  now  take  leave  of  the  Ural  chain,  we  will  terminate  the  subject  which 
occupies  us,  by  giving  a  very  brief  sketch  of  the  manner  in  which  the  great  extinct 
mammals  are  distributed  over  European  Russia. 

Fossil  Quadrupeds  of  Russia  in  Europe. — Far  from  being  peculiar  to  the  Ural 

respecting  the  ground*  on  the  lower  region  of  the  Issetz  river  (p.  490)  be  sustained,  then,  indeed,  we  see 
no  reason  why  a  very  considerable  tract  to  the  south  of  that  river,  which  in  covered  with  black  earth, 
mny  nut  also  have  been  under  an  arm  of  the  sea  at  that  period.  At  the  wime  time  we  think  that  the 
granitic  hills  between  Miask  and  Troitsk  and  the  chain  of  Kara-Edir-Uu.  both  of  which  are  destitute  of 
any  traces  of  marine  sediment,  must  have  then  been  above  the  waters. 
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Mountains  and  Siberia,  the  remains  of  mammoths  and  other  lost  quadrupeds  have 
been  found  over  very  considerable  regions  of  Russia  in  Europe.  Pallas  had  long 
ago  mentioned  several  localities  where  such  mammalian  remains  have  been  ob- 
served. Though  we  ourselves  are  acquainted  with  situations  in  which  they  have 
been  found  in  the  governments  of  Moscow,  Vladimir,  Perm,  &c,  we  best  know 
them  through  the  collections  formed  in  the  Imperial  Museum  of  Natural  History 
of  Moscow,  where,  under  the  auspices  and  direction  of  our  venerable  friend  Dr. 
Fischer,  they  have  obtained  a  just  celebrity. 

In  Russia,  as  in  every  other  great  region  which  has  been  examined,  the  races  of 
lost  mammals  present  some  types  which  connect  her  former  lands  with  those  of 
other  countries,  associated  with  forms  which  are  peculiar  to  her.  Thus,  whilst  in 
common  with  America,  Russia  contains  the  mammoth  and  mastodon,  and,  in 
common  with  Britain,  the  Elepkas  primigenius,  Rhinoceros  tichorhinus,  Trogonthe- 
rium,  beaver,  bear,  elk,  &c.,  she  once  possessed  generic  forms,  as  Merycotherium 
and  Elasmotherium,  which  have  not,  hitherto,  been  found  elsewhere.  Russia  is, 
indeed,  as  peculiar  in  her  possession  of  the  latter  extraordinary  pachyderm  as 
South  America  is  for  the  Mylodon  and  Ghjptodon1. 

The  lost  races  of  mammals  which  have  been  detected  in  Russia  in  Europe,  are 
found,  we  have  said,  in  exactly  the  same  sort  of  detritus  as  that  in  which  they 
occur  in  the  flat  northern  tracts  of  Siberia,  or  near  the  mouths  of  its  great  rivers. 
In  all  the  central  and  southern  parts  of  European  Russia,  there  are  no  high  ridges 
of  elevation,  and  consequently  no  coarse  local  detritus,  like  that  on  the  flanks 
of  the  Ural,  so  that  the  mammoth  alluvium  assumes  the  same  aspect  as  in 
the  distant  plains  of  Siberia,  where  it  is  equally  removed  from  disturbing  causes. 
Here,  however,  it  is  equally  evident,  that  such  alluvium  has  been  the  result  of 
currents  of  water,  for  it  is  pUed  up,  and  often  tumultuously,  in  great  thicknesses, 
and  constitutes  the  chief  banks  of  most  of  the  streams,  as  well  as  the  covering  of 
numerous  plateaux.  Occasionally,  indeed,  the  coarser  clay  drift  passes  upwards 
into  finely  levigated  silt,  which  in  certain  tracts  may  be  represented  by  the  rich 

1  The  geological  position  of  Lophiodon  Sibericum,  which  i*  stated  to  have  been  found  in  a  calcareous 
formation  in  the  government  of  Orenburg,  is  doubtful ;  if  it  be  mioccne  or  eocene,  it  accords  with  the  beds 
containing  Lophiodon  in  Continental  Europe  and  England.  Elamotkerium  may  be  said  to  be  as  peculiar 
to  Russia  as  Mylodon,  &c.  to  South  America  ;  but  we  are  informed  by  Professor  Owen,  that  there  are  no 
existing  analogues  in  Siberia  to  illustrate  the  Elatmotherium,  like  the  Sloths  and  Armadillos  of  South 
America,  which  explain  the  affinities  of  the  Megutherian  animals.  See  Professor  Owen's  most  remark- 
able work  on  the  Mylodon  (4to.  London,  1842). 
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black  earth  or  tcbornozem,  of  which  we  shall  treat  at  some  length  in  the  last 
chapter.  In  illustrating  the  ordinary  character  of  the  mammoth  alluvia  of  Euro- 
pean Russia,  we  cannot,  perhaps,  do  better  than  cite  the  example  of  Taganrog, 
because,  exceedingly  remote  from  the  regions  we  have  been  considering,  and,  in- 
deed, from  any  mountains,  it  there  forms  the  summit  of  abrupt  cliffs  on  the  Sea  of 
Azof,  its  relations  to  the  underlying  strata  being  well-exposed.  The  annexed  view 
of  Taganrog  from  the  west,  is  given  to  show  that  the  underlying  tertiary  limestone 
of  the  newer  Miocene  age  (see  description  and  woodcut,  p.  296)  there  forms  the 


base  of  the  cliffs  (c),  the  rocks  of  which,  rising  to  about  twenty  feet  above  the  sea, 
are  covered  by  finely  laminated  sands,  as  represented  by  the  whitish  band  (b)  in 
the  cliff,  which  are  charged  with  fluviatile  shells,  little  differing,  if  at  all,  from  those 
now  inhabiting  the  adjacent  river  Don.  Above  this,  and  occupying  a  thickness  of 
about  fifty  feet,  is  the  clay  drift  (u),  as  indicated  by  the  sloping  bank,  in  which  the 
mammoth  bones  are  interred,  some  very  fine  and  well-preserved  specimens  of  them 
having  been  found  exactly  at  the  period  of  our  visit.  This  mammoth  drift  is  just 
as  completely  separated  from  any  deposit  resulting  from  existing  agency,  as  the 
auriferous  detritus  and  coarse  clay  on  the  sides  of  the  Ural  hills,  or  as  the  high 
mud-banks  forming  the  cliffs  of  the  great  Siberian  rivers  and  estuaries,  for  it  covers 
the  whole  of  the  coast  plateau,  the  present  adjacent  river  Krinka  and  the  Sea  of 
Azof  being  100  feet  beneath  it.  In  truth,  like  similar  drift  over  wide  spaces  of 
Central  and  Southern  Russia,  it  is  distributed  at  various  levels,  and  most  clearly 
indicates  considerable  submergence  at  the  period  when  these  animals  were  de- 
stroyed. Such  facts  as  to  the  nature  and  distribution  of  the  entombing  materials, 
which  occupy  cliffs  high  above  the  valleys,  compel  us  to  believe,  that  the  greater 
part  of  this  low  continent,  unlike  the  Ural  and  the  higher  portions  of  Siberia,  was 
not  dry  land  during  the  existence  of  the  mammoths,  or  in  the  period  immediately 
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antecedent  to  our  own ;  but  was  then  rather  in  the  same  subaqueous  condition  as 
the  low  lands  of  northern  Siberia,  when  the  mammoths'  bones  were  there  trans- 
ported into  estuaries.  Hence,  we  think,  that  many  of  the  mammalian  remains 
to  which  we  now  allude,  may  have  been  transported  into  adjacent  lakes  and  estu- 
aries by  rivers,  and  in  some  instances  carried  out  great  distances  to  sea  from  the 
surrounding  lands, — the  Ural  (including  a  large  tract  of  Permia)  and  Siberia  on  the 
east,  the  Crimsea'  and  Caucasus  on  the  south,  or  the  Carpathian  Mountains  on  the 
west. 

But  besides  these  former  encompassing  lands,  there  are  certain  tracts  within 
Russia,  which  though  now  of  no  great  altitude,  are  so  exempt  from  debris  and  drift, 
that  it  is  natural  to  infer  they  may  have  formed  low  islets  in  the  ancient  waters 
which  covered  the  great  mass  of  the  present  lands.  This  view  we  would  support 
by  an  illustration  drawn  from  natural  history  and  the  nature  of  the  ground. 

Of  all  the  remarkable  quadrupeds  which  ranged  over  the  former  continents,  one 
species  only  now  remains  alive  (and  this  point  even  is  doubtful*)  to  connect  the 

1  See  Demidoff,  Voyage  dans  la  Kussie  Meridionale,  vol.  ii.  The  reader  will  there  find  an  account  of  the 
remains  of  bones  of  mammoth,  bos,  Vrtus  tpelitu*,  horse,  &c,  as  interred  in  a  reddish-coloured  argillaceous 
drift  near  Odessa  ('  Terrain  Ciysmicn).  which  covers  the  surface  and  enters  into  the  clefts  of  the  subjacent 
tertiary  or  steppe  limestone.  M.  Huot.  the  author  of  that  description,  refers  this  deposit  to  lacustrine 
waters.  He  also  found  the  Mastodon  mgnstidens  associated  with  the  mammoth  at  Kamisch  Burun,  near 
Kertch.  These  animals  lived,  of  course,  in  the  adjacent  high  grounds  of  the  Caucasus  and  Crimea  (see 
our  remarks  thereon,  p.  304). 

«  Notwithstanding  the  deep  interest  attached  to  the  Bos  Aurochs,  which  may,  we  suppose,  prove  to 
be  the  only  existing  remnant  of  the  great  quadrupeds  of  former  days,  there  does  not  exist  a  single 
skeleton  or  stuffed  specimen  of  the  species  either  in  France  or  the  British  Isles.  As  far  as  England  is 
concerned,  this  reproach  is  about  to  be  removed  through  the  munificence  of  the  Emperor  Nicholas,  who, 
at  the  request  of  Mr.  Murchison  (graciously  supported  by  His  Imperial  Highness  the  Grand  Duke  Mi- 
chael), has  directed  that  a  fine  animal,  selected  from  the  unique  herd  now  living  in  the  forest  called 
Bialavicja.  should  be  killed,  and  his  skin  and  skeleton  sent  to  tbe  Museum  of  the  Royal  College  of 
Surgeons.  It  may  not  be  known,  that  without  a  stringent  ukase  to  prohibit  its  annihilation,  the  pea- 
santry of  Lithuania  would  long  ago  have  exterminated  this  noble  specie*.  Though  we  have  been  led  to 
believe  in  the  specific  identity  of  this  Lithuanian  Aurochs  with  the  extinct  Urns  (Vrus priscus  of  Bojanus 
and  V.  Meyer),  that  opinion  is  not  generally  admitted.  But  we  may  hope  that  the  question  will  be  set  at 
rest,  as  soon  as  Professor  Owen  has  the  means  of  testing  it.  If  the  living  Aurochs  be  the  real  descendant 
of  the  great  fossil  animal,  it  might,  judging  from  the  usual  difference  of  size,  be  considered  to  have 
degenerated ;  though  in  the  Museum  at  Warsaw,  where  we  have  seen  three  specimens  which  are  there 
preserved,  one  of  them  is  nearly  double  the  size  of  the  other  two.  We  ourselves  procured  a  very  remark- 
able front  and  horns  of  the  Bos  Aurochs,  found  in  the  gravel  west  of  Perm  with  mammoths'  teeth,  and 
M.  Hommaire  de  Hell  also  found  a  fine  head  of  the  same  in  the  steppes  between  the  Sea  of  Azof  and  the 
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historic  sera,  or  the  present  outline  of  the  land  with  that  which  preceded  it.  This 
is  the  Bos  Urns  {Aurochs) ,  or  primaeval  ox,  whose  bones  are  so  frequently  associated 
with  those  of  the  mammoth  in  different  parts  of  Russia  and  many  parts  of  Europe. 
But  if  the  species  be  the  same,  how  has  this  exception  been  made,  and  how  have 
herds  of  these  oxen  been  preserved  in  a  living  state  ?  Looking  at  the  forest  of 
Bialavieja'  in  Lithuania  as  the  only  locality  in  which  this  species  now  exists,  and 
seeing  that  it  is  not  far  from  the  edge  of  the  southern  granitic  steppe,  we  cannot 
avoid  theorizing  on  a  contingency  by  which  some  of  these  creatures  may  possibly 
have  been  preserved.  That  granitic  steppe,  the  rocks  of  which  we  know  to  be  of 
the  highest  antiquity,  since  they  have  even  afforded  materials  for  the  construction 
of  some  adjacent  Silurian  strata,  is  in  many  parts  so  completely  devoid  of  all 
superficial  covering,  and  so  entirely  differs  in  that  respect  from  the  thickly- 
overspread  tracts  upon  its  north  and  south,  as  to  justify  the  inference,  that  it  was 
never  depressed  beneath  the  waters  since  the  beginning  of  the  pakeozoic  a?ra,  but 
escaped  the  submersions  which  affected  all  the  surrounding  regions  of  Russia  in 
Europe.  Some  individuals  of  the  Bos  Urus  may  therefore,  we  conceive,  have  been 
dwellers  in  this  granitic  ridge  until  the  retirement  of  the  surrounding  waters 
enabled  them  or  their  descendants  to  repeople  the  new  jungles  and  forests  of  the 
fresh-formed  ground,  and  thus  we  could  explain,  by  reasoning  from  geological  ap- 
pearances, how  it  happens  that  they  are  now  found  living  in  the  forests  of  Lithu- 
ania. Attaching,  however,  no  great  value  to  this  speculation,  which  may  prove 
useless,  if  the  living  species  is  found  to  be  different  from  the  extinct,  we  leave  it 
to  naturalists  to  say,  whether,  under  circumstances  of  great  and  probably  sudden 

<  Count  V.  Knuinski,  the  author  of  the  1  History  of  the  Reformation  in  Poland,'  prepared,  at  the 
request  of  our  friend  Colonel  Jackson,  a  very  interesting  account  of  this  forest  and  its  inhabitants,  from 
which  we  extract  the  following  data.  The  forest  of  Bialuwieza  (Bialavieja)  is  in  the  government  u 
Grodno  on  the  river  Narevka,  and  lying  between  the  towns  of  Orla,  Shereshef  and  Prujnny,  occupies  a 
space  of  about  29  German,  or  145  English  square  miles  (see  Map,  PI.  VI.).  Having  been  an  ancient 
hunting-ground  of  the  kings  of  Poland,  it  has  been  preserved  in  its  wildest  pristine  state.  The  Aurochs 
(Zubr  in  the  Polish  language)  teas  alttay*  pratliar  to  Lithuania,  if  not  to  this  very  forttt.  According  to 
the  earliest  records,  it  was  clearly  distinguished  from  the  native  wild  ox  or  Tur  (an  animal  possibly  similar 
to  the  wild  oxen  of  Chillingham  in  Northumberland),  which  appears  to  have  been  much  more  common, 
even  in  the  IGth  century,  than  the  Zubr  or  Aurochs.  An  ancient  picture,  in  the  jniM>c*eion  of  the  last 
king  of  Poland,  represents  King  Ladislaus  Jajellem  presenting  a  live  Zubr  to  the  fathers  of  the  Council 
of  Constance !  thus  proving  that  it  was  very  rare  in  the  beginning  of  the  15th  century.  (See  also  Mem. 
Dcscrip.  sur  la  Forfit  de  Bialuwieza  par  lc  boron  de  Briuncn;  published  at  Warsaw  in  1828,  at  which 
time  it  was  believed  that  875  head  of  Zubr*  were  still  living  in  the  forest.) 
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change  of  land  and  water',  and  other  difficulties  dependent  on  a  limited  subsist- 
ence, the  Aurochs  or  Zubr  of  Lithuania  was  not,  from  his  activity  and  hardy  habits, 
more  likely  to  have  survived  such  oscillations,  than  his  unwieldy  associates,  the 
mammoth,  mastodon  and  rhinoceros. 

In  terminating  the  subject  of  the  entombment  and  dispersion  of  the  great  races 
of  Mammalia,  we  may  remind  our  readers,  that  in  our  endeavours  to  point  out  the 
ancient  physical  geographical  features  of  the  Ural  Mountains,  and  the  adjacent 
tracts  of  Siberia,  geological  proofs  have  been  adduced  to  show,  that  a  vast  portion  of 
that  region  having  been  entirely  exempt  from  all  oceanic  influence  during  ancient 
periods  of  long  duration,  was  thereby  eminently  qualified  to  be  the  residence  of  such 
animals  during  the  whole  of  their  existence.  It  has  further  been  proved,  that  the 
production  of  gold  veins,  and  the  elevations  of  the  Ural,  which  have  given  to  these 
mountains  their  present  height  and  relief,  are  phenomena  of  a  comparatively 
recent  date, — phenomena  which,  in  lowering  the  temperature  of  the  great  region 
so  affected,  were,  we  have  little  doubt,  the  chief  causes  of  the  final  destruction  of 
the  mammoths,  which,  with  all  their  adaptation  to  existence  in  northern  latitudes, 
could  scarcely  be  supposed  to  have  been  capable  of  long  enduring  the  want  of 
sustenance  incident  to  Siberian  winters  of  the  present  period. 

When  we  turn  from  the  great  Siberian  continent,  which  anterior  to  its  elevation 
was  their  chief  abode,  and  look  to  other  parts  of  Europe  where  their  remains  also 
occur,  how  remarkable  is  it,  that  we  find  the  number  of  these  creatures  to  be 
justly  proportionate  to  the  magnitude  of  the  ancient  masses  of  land  which  the 
labours  of  geologists  have  defined !  Take  the  British  Isles,  for  example,  and  let 
all  their  low  recently  elevated  districts  be  submerged ;  let,  in  short,  England  be 
viewed  as  the  comparatively  small  island  she  was,  when  the  ancient  estuary  of  the 
Thames,  including  the  plains  of  Hyde  Park,  Chelsea,  Hounslow  and  Uxbridge 
were  under  the  waters, — when  the  Severn  extended  far  into  the  heart  of  the  king- 
dom, and  large  eastern  tracts  of  the  island  were  submerged,  and  there  will  then 
remain  but  moderate-sized  feeding  grounds  for  the  great  quadrupeds  whose  bones 
are  found  in  the  gravel  of  the  adjacent  rivers  and  estuaries.  This  limited  area 
of  subsistence  could  necessarily  only  keep  up  a  small  stock  of  such  animals  ;  and 
just  as  we  might  expect,  the  remains  of  British  mammoths  occur  in  very  small 
numbers  indeed,  when  compared  with  those  of  the  great  charnel-houses  in  Siberia, 

'  In  the  next  chapter  reason*  will  be  assigned  to  induce  the  belief  that  the  surface  of  Russia  in  Europe 
was  depressed  at  that  period. 
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into  which  their  bones  had  been  carried  down  during  countless  ages,  from  the  largest 
mass  of  surface  which  geological  inquiries  have  yet  shown  to  have  been  dry  land 
during  that  epoch. 

In  treating  this  subject,  we  have  been  gradually  led  on  to  speculate  on  features 
which  connect  the  former  with  the  present  surface  of  a  large  portion  of  the  earth, 
and  have  little  other  reference  to  submarine  conditions,  than  the  elevation  into  land 
of  the  bottoms  of  estuaries  and  sea- shores  on  the  edge  of  that  continent.  In  the 
next  chapter,  however,  we  must  entirely  change  the  scene,  by  returning  to  the  con- 
sideration of  Russia  in  Europe,  nearly  the  whole  of  whose  superficies  presents 
phaenomena  of  a  very  different  class,  which  we  shall  endeavour  to  show,  can  alone 
have  been  produced  by  very  powerful  currents  and  long-continued  submersion 
under  the  waters  of  the  sea, — phenomena  which,  we  think,  prevailed  during  the 
period  when  the  great  mammalia  were  the  inhabitants  of  Siberia  and  certain 
!»outhcrn  tracts  to  which  we  have  alluded. 


P.S. — It  may  Beem  remarkable,  that  in  a  region  like  Russia,  so  extensively  tenanted  by  beam,  when 
first  reclaimed  by  man,  we  should  scarcely  liavc  alluded  to  tbeir  occurrence  during  a  former  condition  of 
the  ourface.  Their  bones,  however,  have  been  found,  as  well  as  those  of  horses,  elks  and  many  other 
animal?,  on  whose  remains  we  have  not  thought  it  necessary  to  expatiate,  as  they  arc  mere  repetitions  of 
a  phenomenon  common  to  other  parts  of  Europe.  Judging  from  the  analogy  of  other  countries,  where 
the  bones  of  the  Urnu  gprltnu  have  usually  been  found  in  rocky  caverns,  it  is  evident,  that  from  the  nature 
of  her  surface,  Russia  in  Europe  offers  very  few  spots  where  the  geologist  might  hope  to  find  them.  We 
hnve,  however,  alluded  to  caverns  in  the  Ural  Mountains  and  Siberia  (the  caves  of  Yermac  on  the  Tchua- 
ravmya  and  others  on  the  Issetz.  pp.  365  and  368),  which  being  in  positions  far  above  the  highest  floods 
and  on  precipitous  faces  of  paleozoic  limestone,  would,  if  explored  by  some  Russian  Buckland,  afford,  we 
have  little  doubt,  the  remains  of  extinct  animals. 


CHAPTER  XX. 


SCANDINAVIAN  DRIFT  AND  ERRATIC  BLOCKS  IN  RUSSIA. 

General  spread  of  a  Drift  from  the  North  over  the  Low  Countries  of  Russia  and  Ger- 
many.— Theories  proposed  to  account  for  Foreign  Drift. — The  Russian  Drift  and 
Erratic  Blocks  described  along  the  northern  frontier  of  Russia.— Shown  to  have  been 
distributed  in  traine'es  under  the  sea. — Chiefly  arrested  on  Hills  and  Elevations,  and 
less  abundant  in  Depressions. — Large  Blocks  most  frequent  on  Clay,  and  broad  ton- 
sandy  spaces  often  free  from  them. — Character  of  the  Drift  changes  in  its  advance 
southwards ,  according  to  the  nature  of  the  subsoil  which  it  traverses. — Distinctiotw 
between  the  Local  Materiah  in  Russia  and  those  of  Poland  and  Germany. — The 
transport  of  the  Drift  from  lower  to  higher  lands  shown  to  be  impossible  under  ter- 
restrial conditiom ;  and  the  Glacier  Theory,  as  applied  to  these  Regions,  rejected. — 
The  far  Southern  and  South-eastern  advance  of  the  Drift  into  certain  Depressions 
explained  by  reference  to  Bays  and  Promontories  of  a  former  Continent. — Erratic 
Blocks  shown  to  have  proceeded  excentrically  from  Scandinavia  and  Lapland. — The 
largest  and  furthest-borne  supposed  to  have  been  transported  in  Icebergs  detached 
from  ancient  Glaciers. — The  low  northern  Crystalline  Tracts  could  not  have  deter- 
mined the  advance  of  Glaciers  over  a  higher  Continent. — Scratched  surfaces  coin- 
cident with  the  direction  of  the  Drift  over  many  Low  Countries  of  Europe. — Theory 
of  the  Authors  of  this  work  explained,  viz.  that  moistened  masses  of  Drift  have, 
under  powerful  causes  of  translation,  operated  like  the  Moraines  of  Glaciers. — 
Former  Submarine  condition  of  Russia. 

From  the  German  Ocean  and  Hamburg  on  the  west  to  the  White  Sea  on  the 
east,  a  vast  zone  of  country,  having  a  length  of  near  2000  miles  and  a  width  vary- 
ing from  400  to  800  miles,  is  more  or  less  covered  with  loose  detritus,  including 
erratic,  crystalline  blocks  of  colossal  size,  the  whole  of  which  have  been  derived  from 
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the  Scandinavian  chain'.  When  we  consider,  that  throughout  this  vast  space, 
these  blocks  have  all  been  transported  from  the  same  range  of  mountains  and  often 
carried  to  enormous  distances,  it  will  readily  be  admitted,  that  whilst  it  is  entirely 
different  from  the  regions  we  have  just  been  considering,  no  portion  of  Europe 
affords  so  fine  a  field  for  the  discussion  of  the  difficult  problem,  of  how  such  heavy 
masses  were  so  far  transported  ?  In  the  earlier  days  of  geological  science,  this 
great  spread  of  northern  detritus  was  merged  with  the  coarse  debris  of  other  parts 
of  Europe  under  the  term  "diluvium,"  meaning  thereby  that  it  was  the  wreck 
of  a  general  deluge  which  had  passed  over  our  continents.  With  increased  ob- 
servation, however,  it  was  found,  that  whilst  certain  tracts  of  country  (like  our 
great  Siberian  case)  were  entirely  exempt  from  them,  each  region  which  contained 
such  foreign  materials  had  derived  them  from  contiguous  chains  and  from  various 
points  of  the  compass  ;  and  hence  it  was  concluded  (at  least  by  many  geologists), 
that  they  were  drifted  to  their  relative  existing  positions  by  various  currents  of 
water,  set  in  movement  in  different  directions  by  elevations  and  depressions  of 
separate  masses  of  land. 

Latterly  this  subject  has  attracted  more  than  ordinary  attention,  through  the 
labours  of  several  observers  in  the  Alps,  and  new  theories  have  arisen.  Whilst 
Sefstrom  and  his  followers  in  the  north  had  been  contending,  that  all  the  detritus 
of  which  we  are  now  about  to  treat  resulted  from  a  great  northern  deluge,  Agassiz 
and  his  predecessors  Venetz  and  Charpentier,  showing  the  transporting  force  of 
glaciers,  endeavoured  to  demonstrate,  that  many  of  the  heaps  of  detritus  around 
the  flanks  of  the  Alps  are  nothing  more  than  moraines,"  the  residue  of  ancient 
and  more  extensive  glaciers. 

Arguing  from  the  phenomena  of  the  Alps,  M.  Agassiz  further  attempted  to 
establish  a  general  glacial  theory,  by  which  he  supposed,  that  all  the  northern  he- 
misphere was,  during  a  long  period,  covered  with  ice  and  snow ;  that  glaciers, 
advancing  by  expansion  from  certain  centres,  and  carrying  with  them,  ou  their  lower 
surfaces,  the  blocks  and  pebbles  which  were  entangled  in  them  when  they  first 
moved  from  the  mountain  side,  scratched  and  polished  the  surfaces  of  the  conti- 
nents over  which  they  passed,  precisely  in  the  same  manner  as  rocks  are  now 
affected  on  a  small  scale  by  the  existing  glaciers  of  the  Alps  ;  and  lastly,  that  upon 
the  melting  and  breaking  up  of  these  great  former  glaciers  many  of  the  large  blocks 

1  See  the  Map  on  which  the  southern  limit  of  these  block*  it  marked. 
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which  they  contained  were  floated  away  in  debacles  of  icebergs  and  deposited  at 
great  distances  from  the  source  of  their  origin.  Still  more  recently,  Professor 
James  Forbes,  extending  the  views  of  De  Saussure  by  an  assiduous  personal  survey 
of  the  Alpine  glaciers,  has  demonstrated  by  exact  experiments  on  the  nature  of 
their  ice  and  its  movements,  that  glaciers  never  can  advance  except  by  their  own 
gravitation  and  upon  inclined  surfaces. 

But  apart  from  the  Alpine  theories  and  observations,  Mr.  Lyell  and  others  had 
previously  shown  how,  under  former  relations  of  sea  and  land,  icebergs  wafted  by 
prevailing  currents  may  have  carried  foreign  blocks  to  great  distances,  and  one  of 
us  had  applied  this  view  to  explain  the  transport  of  the  great  foreign  boulders 
which  are  distributed  in  the  central  counties  of  England'.  Our  own  view  had,  we 
think,  this  advantage,  in  reference  to  tracts  like  this  under  consideration,  that  in 
showing  the  presence  of  sea-shells  of  modern  characters  in  mounds  of  far-borne 
detritus,  it  completely  established,  that  the  surface  of  such  tracts  was  beneath  the 
sea  when  the  blocks  were  distributed.  Hence  we  subsequently  inferred,  that  the 
glacial  Alpine  theory,  which  is  constructed  upon  the  belief  that  such  surface  was 
sub-aerial,  was  in  such  cases  entirely  inapplicable  ;  subaqueous  action  being  alone 
admissible. 

After  this  slight  introduction,  and  referring  our  readers  to  the  ingenious  and 
able  works  of  the  writers  alluded  to,  we  now  proceed  to  throw  together  our  own 
observations  upon  the  transported  matter  of  the  great  northern  regions. 

The  superficial  detritus  of  Russia,  Poland  and  Prussia,  like  that  of  other  regions 
which  we  have  examined,  is  referable  to  the  great  mountain-chain  in  its  vicinity. 
The  chief,  if  not  the  only,  distinction  between  it  and  all  other  far-borne  drift,  con- 
sists in  the  great  breadth  and  length  of  the  dispersed  detritus,  in  reference  to  the 
low  mountains  from  whence  it  has  been  derived ;  for  whilst  in  other  parts  of 
Europe  various  local  centres  of  elevation  have  shed  their  detritus  in  different  di- 
rections (England,  France  and  the  Alps  offer  sufficient  examples),  the  vast  regions 

<  Silurian  System,  pp.  522  to  547.  By  consulting  these  two  chapters  of  a  former  work  by  Mr.  Mur- 
cbison,  the  reader  will  find  a  full  development  of  hi*  views  respecting  the  transport  of  some  drift  by 
water,  and  of  great  foreign  erratics  by  icebergs.  These  chapters  were  written  (1838  and  1839)  before 
the  appearance  of  the  works  of  MM.  Aga««iz  and  Charpentier  on  the  agency  of  glaciers  in  transporting 
erratic  blocks,  a  question  which  Mr.  Murchison  subsequently  considered  at  some  length  in  an  Anniver- 
sary Discourse  addressed  to  the  Geological  Society  of  London,  1842.  in  which  will  be  found  some  of  the 
same  ideas  developed  in  this  chapter.  (Proceedings  of  GeoL  Soc.  vol.  iii.  p.  671.) 
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under  consideration  have  been  uniformly  covered  with  crystalline  materials  which 
have  proceeded  from  Scandinavia  and  Lapland  only. 

Confining  ourselves,  in  the  first  instance,  to  the  Russian  detritus,  we  now  pro- 
ceed to  give  a  succinct  account  of  its  nature  and  distribution  between  the  mouth 
of  the  Niemen  on  the  south-west,  and  that  of  the  Dwiua  of  Archangel  on  the  north- 
east,—such,  in  fact,  as  it  appeared  to  us  when  we  travelled  along  the  southern 
edge  of  the  crystalline  rocks,  from  whence  all  the  debris  has  been  sent  forth.  By 
this  means  we  shall  make  a  transverse  section,  as  it  were,  of  all  the  drift  on  a  line 
little  distant  from  the  source  of  its  origin,  and  then  follow  it  to  distant  parts  of  the 
interior  of  Russia. 

Geological  travellers  who,  like  ourselves,  have  crossed  over  Northern  Russia 
from  its  western  frontier  on  the  Niemen  to  Archangel  on  the  White  Sea,  cannot 
avoid  being  struck  with  the  general  sameness  of  this  distribution,  and  also  with  the 
fact,  that  the  detritus  has  been  borne  southwards  in  long  zones,  often  separated 
from  each  other  by  depressions,  occasionally  of  great  width,  in  which  few  or  no 
blocks  are  discernible. 

Thus  the  broad  depression  of  the  Nicmcn,  and  even  the  low  argillaceous  hillocks  on  its  eastern  slopes,  are  almost, 
if  not  entirely,  exempt  from  blocks,  the  rhauurr  for  the  first  two  Kussian  stations  through  the  fure*t»  being  mended 
with  small  gravel  brought  from  distances  of  fifteen  and  twenty  vcrsts,  In  approaching  the  third  station,  however, 
blocks  appear  on  the  surface  of  the  clay  drift.  Again,  the  summits  and  slopes  of  hills  (200  or  300  feet  high)  on 
both  sides  of  the  station  nf  Bublia,— particularly  the  plateau  to  the  north-east  of  it,— are  covered  with  blocks  of 
granite,  porphyry  and  other  Swedish  rocks,  both  rounded  and  subangular,  and  occasionally  of  large  size,  together 
with  corallines  and  shells  of  .Silurian  rocks,  whilst  the  intervening  valley,  in  which  the  Wendau  Canal  has  been  cut, 
is  exclusively  occupied  by  fine  yellow  sands.  Having  passed  the  plateau  between  Lithuania  and  Courland,  where 
mud  and  northern  blocks  still  prevail  and  are  widely  spread  over  the  latter  province  (around  Mittau),  we  again 
remarked  the  comparative  absence  in  the  eaunry  of  the  Diina,  |«rticuuirly  on  the  low  grounds  and  hillocks  forming 
the  eastern  banks  of  that  river,  which  are  almost  exclusively  occupied  by  loose  sands,  immediately  surmounting 
the  Devonian  strata  with  their  ichthyolites. 

Passing  to  the  east  of  the  station  of  Walk,  no  sooner  do  argillaceous  hillocks  (about  sixty  or  eighty  feet  above  the 
plain)  appear,  than  again  they  arc  covered  with  erratics  of  gneiss,  granite  gneiss  and  other  northern  blocks  at 
various  sites.  The  cliffs  forming  the  eastern  or  right  bank  of  the  river  Embach  are  loaded  on  their  surface  with 
similar  detritus.  Thence  to  Kaigati  the  drift  is  also  argillaceous  and  blocks  abound,  extending  all  along  the  plateaux 
to  Dorpat,  where  the  larger  granitic  blocks  KpWM  on  an  argillaceous  and  sandy  alluvium,  which  separates  them 
from  the  subjacent  Devonian  snnds  and  marls. 

In  ascending  from  Dorpat  and  the  lake  Peipus  to  the  calcareous  plateau' 

I  In  this  plateau,  extending  by  Sluivli,  &c,  some  Silurian  limestone,  which  we  have  described  in  the 
3rd  Chapter,  exists  in  >itu,  but  the  greater  portion  of  the  calcareous  debris  wc  met  with  had  evidently 
been  drifted  from  the  north— probably  from  Oescl ;  for  the  corals  which  are  so  abundant  in  the  detritus 
do  not  occur  in  the  cliffs  of  the  mainland,  but  are  Upper  Silurian  species  which  abound  in  tie*  at  that 
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which  occupies  the  coast,  the  detritus  consists  of  rolled  and  rounded  fragments 
chiefly  of  Silurian  limestone,  here  and  there  capped  by  a  great  granitic  block, — a 
tract  most  joyfully  reached  by  those  who,  travelling  as  we  did  in  the  early  spring, 
just  after  the  melting  of  the  snow,  had  with  such  difficulty  ploughed  through  the 
muddy,  marly  and  sandy  detritus  of  the  western  district.  We  shall  afterwards 
enlarge  on  a  feature  which  here  struck  us  forcibly,  viz.  that  the  principal  mass  of 
the  detritus  of  each  district  is  of  local  origin,  and  very  clearly  bespeaks  the  nature 
of  the  subjacent  formation ;  whilst  the  great  northern  drift  is  perfectly  independent 
of  such  subsoil,  and  has  been  distributed  in  zones,  or  "  trainees,"  which  traverse 
the  Silurian,  Devonian,  and  Carboniferous  regions. 

On  reaching  the  cliffs  of  Lower  Silurian  limestone,  which  stand  out  against 
the  sea  of  the  Gulf  of  Finland,  we  found  their  surface  completely  denuded  of  all 
local  drift  (their  calcareous  debris  having  been  swept  to  the  south).  Without  any 
accompaniments  of  smaller  gravel,  or  rounded  stones  or  clay,  the  hard  limestone 
flags  are  there  at  once  covered  with  blocks  large  and  small,  nearly  all  angular  or 
subangular,  which  are  spread  about  in  little  groups  or  single  masses,  as  represented 
in  this  woodcut. 


Here  then  are  blocks,  every  one  of  which  may  be  paralleled  with  the  granitic, 
porphyritic,  or  gneiss  rocks  of  Finland,  and  which  have  clearly  been  transported 
without  rubbing  or  friction  ;  for  they  are  not  rounded  or  worn  down  by  any  attri- 
tion, and  are  unaccompanied  by  the  rounded  boulders,  clay,  or  sand,  which  indi- 
cate a  drift  by  water  alone.  They  must  therefore  have  been  lodged  or  deposited 
on  these  cliffs  (150  feet  or  more  above  the  adjacent  Baltic)  by  some  cause  inde- 
pendent of  pure  aqueous  action.  To  the  consideration  of  this  point  we  shall 
hereafter  return. 

Let  us  now  continue  to  make  the  general  transverse  section  of  all  the  northern 
detritus  which  occurs  along  the  southern  frontier  of  the  crystalline  rocks  of  Finland 
and  Russian  Lapland. 
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Standing  as  it  does  on  the  very  northern  edge  of  the  Silurian  band  and  in  the 
lowest  stratum  of  that  formation,  St.  Petersburg  and  its  environs  is  a  favourable 
tract  for  studying  the  distribution  of  the  northern  drift. 

In  travelling  to  the  north  uf  that  metropolis,  hills  chiefly  composed  of  sand,  derived  from  the  wearing  down  and 
washing  of  the  adjacent  granitic  region,  arc  noon  found  to  contain  many  blocks  of  northern  origin,  and  three  increase 
in  quantity  and  magnitude,  forming  ridges  and  undulating  hills,  from  which  you  pass  to  the  edge  of  the  crystalline 
nucleus  of  Finland.  To  the  south  of  the  capital  the  Lower  Silurian  clay  has  been  to  a  gn  at  extent  denuded, 
or  covered  merely  with  more  recent  alluvial  deposit*.  On  this  flat,  granitic  and  northern  blocks  are  com- 
paratively rare,  though  an  occasional  specimen  of  very  great  sue  has  been  detected  in  the  marshes ;  but  no  sooner 
is  the  plateau  land  on  the  south  ascended  (the  framework  of  which  consists  of  the  Lower  Silurian  limestone),  than 
vast  quantities  of  these  blocks,  some  rounded  and  others  not  much  so,  occur  both  in  isolated  patches  and  in 
"  trainees."  They  are  seen  on  all  the  elevations  on  both  sides,  and  particularly  to  the  south  of  the  observatory  of 
Pulkova,  and  on  the  tops  and  slopia  of  the  ravines  (into  which  they  are  occasionally  rolled),  whether  on  the  sides 
of  the  brook  Pulkovka  or  all  along  the  low  eminences  which  slope  away  to  1'eterhofT.  The  calcareous  plateau 
to  the  south  of  Czorskoe-Cclo  anil  the  sandy  valley  of  Pavlosk,  are  for  the  most  part  void  of  them,  the  Utter  being 
absolutely  filled  with  the  sand  derived  from  the  breaking  up  of  the  ungulite  sandstone ;  hut  a  vast  and  copious 
trainee  is  seen  upon  the  souUurn  slope  of  one  of  the  hills,  near  the  sources  of  the  little  river  Slavenka. 

We  particularly  remarked  that  in  this  group  of  the  Slavenka,  the  greater  number 
of  the  blocks  were  by  no  means  rounded;  many,  indeed,  are  still  quite  angular 
and  some  subangular.  Being  accompanied  to  this  spot  by  Dr.  Worth,  to  whom, 
in  former  pages,  wc  have  so  warmly  expressed  our  obligations,  that  zealous  mine- 
ralogist distinctly  assured  us,  that  there  was  not  among  these  blocks  (whether 
gneiss,  granite,  or  greenstone,  &c.)  a  single  example  which  could  not  be  paralleled 
with  its  parent  rock  in  Finland.  Here  again,  as  in  the  Diirpat  and  Lithuanian 
tracts,  we  had  a  convincing  proof,  that  the  direction  of  the  drift  had  been  from 
north  to  south,  quite  independently  of  the  Finnish  blocks ;  for  the  true  Devonian 
rocks,  which  are  here  charged  with  ichthyolitcs,  arc  surmounted  by  flag-like  frag- 
ments of  the  Lower  Silurian  limestone,  occasionally  very  large,  which  have  been 
drifted  from  the  adjacent  plateau  on  the  north  *. 

'  We  cannot  give  this  passing  account  of  the  detritus  near  St  Petersburg,  without  adverting  to  the 
more  detailed  description  of  it  by  Mr.  Strangwuy*  (Truns.  Ueol.  Soc.,  Old  Series,  vol.  v.  p.  332). 
Showing  that  the  drift  is  often  from  thirty  to  forty  feet  thick,  and  sometimes  occupies  entire  hills,  he 
states  that  it  is  made  up  both  of  crystalline  rocks  that  have  been  transported  from  Finland  on  the  north 
(referring  many  of  them  to  their  native  quarries)  and  of  the  debris  of  the  strata  in  situ.  In  regard  to  the 
latter,  he  mentions  how  the  wide  spread  of  sands  in  some  tracts,  particularly  to  the  north  of  the  Nevn  and 
the  environs  of  Peterhoff  and  Pavlovsk,  has  been  occasioned  by  the  breaking  up  of  what  he  call*  the  "  inter- 
mediate sandstone"  (our  Ungulite  sandstone),  and  how  the  limestone,  or  "pleta,"  is  usually  covered  with 
light  brown  earth.  We  were  also  struck,  us  well  as  Mr.  Strangways,  with  the  appearance  of  thick 
masse*  of  very  finely  laminated  clay  on  the  rood  from  St.  Petersburg  to  Strelna,  and  in  which  there  occur 
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In  the  low  country  east  of  St.  Petersburg,  watered  by  the  river  Volkof  and  its 
tributaries,  the  northern  crystalline  erratic  blocks  are  very  scarce,  the  subjacent 
Silurian  rocks  being  for  the  most  part  covered  with  a  thick  alluvium  of  clay  con- 
taining very  few  boulders.  The  tract,  indeed,  where  the  Volkof  empties  itself  into 
the  Lake  Ladoga,  is  entirely  void  of  them,  the  surface  being  exclusively  occupied 
by  sands  which  often  assume  the  character  of  dunes,  like  those  at  the  estuary  of 
the  Diina.  In  travelling  from  Nova  Ladoga  to  Ladenoie  Pole,  we  were  much 
struck  with  the  almost  total  absence  of  the  erratic  phenomenon  ;  during  the  whole 
width,  in  fact,  of  the  southern  shore  of  the  great  Lake  Ladoga. 

To  the  north  wc  had  a  vast  inland  lake  near  200  versts  long,  whose  northern 
shores  are  exclusively  composed  of  granitic  and  greenstone  rocks,  with  some  me- 
tamorphosed Silurian  strata,  and  whose  east  and  west  shores  are  covered  with  their 
spoil, — and  yet  not  a  fragment  of  them  is  visible  at  its  southern  termination!  Are 
we  to  presume  that  in  this  parallel  such  erratics  arc  all  buried  in  the  bottom  of  this 
sheet  of  water  ?  Some  doubtless  may  have  been  so  disposed  of,  but  this  explana- 
tion is  quite  inadequate  ;  since  the  northern  blocks  have  been  transported,  as  we 
shall  afterwards  show,  many  hundred  versts  to  the  south  of  the  lake,  and  in  this 
very  parallel  of  longitude.  The  fact  is,  that  unlike  the  southern  shores  of  the  Gulf 
of  Finland  west  of  Narva  (p.  5i2),  the  south  shore  of  the  Lake  Ladoga  is  a  dead 

fine  layers  of  »mall  pebbles.  These  bids,  like  the  finely  laminated  sands  in  many  parts  of  Russia,  clearly 
indicate,  that  there  were  periods  of  repose  a*  well  as  of  powerful  current,  during  the  accumulation  of  the 
materials  which  we  are  now  merging  under  the  head  of  "  drift."  It  is  perhaps  unnecessary  to  state,  that 
for  these  and  many  other  reasons,  we  cannot  agrte  with  Mr.  Strangway*  in  the  theoretical  view  (prevalent 
at  the  period  wheu  he  wrote),  that  all  these  deposits  were  the  residue  of  a  great  flood  which  passed 
over  the  land  before  the  lateral  valleys  were  formed,— the  latter  having  been  fashioned  out  by  thcrer/Wny 
wave.  The  very  fact  which  he  cites,  of  large  lumps  of  the  intermediate  or  Ungulite  sandstone  having 
l>een  transported  from  a  lower  level  on  the  north  to  high  plateaux  on  the  south,  is  subversive,  we  think, 
of  the  then  prevailing  theory.  We  would  also  observe,  that  lie  does  not  draw  sufficient  distinction  between 
the  prevalence  of  large  northern  blocks  on  the  plateaux  and  their  rarity  in  the  low  plains.  The  immediate 
vicinity  of  the  metropolis  it  mutt,  however,  be  admitted,  has  offered  some  exceptions  to  the  non-occurrence 
of  erratic*  in  the  low  grounds ;  for  though  they  have  fast  disappeared,  several  peculiar  northern  rolled  frag- 
ments arc  cited  by  Strangways  from  the  south  of  the  Moscow  gate.  He  further  mentions,  that  the  block 
on  which  the  statue  of  Peter  the  Great  stands  (reduced  two-thirds  in  size  and  chiselled  into  its  present 
grotesque  form  by  the  artist !)  was  found  in  a  bog  between  St.  Petersburg  and  Cesterbeck.  Still  we  are 
firm  in  our  belief,  that  then  are  exceptions ;  a  fact,  indeed,  of  which  any  one  may  convince  himself  by 
merely  passing  along  the  railroad  from  the  capital  to  Czarskoc-Cclo,  where  the  argillaceous  surface  fur 
many  miles  (including  the  race-course  at  the  northern  foot  of  the  escarpment  of  the  low  limestone  hills) 
is  entirely  free  from  northern  blocks,  though  they  occur  in  vast  abundance  on  the  plateaux  further  south. 
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flat,  with  no  eminences  to  catch  the  drift,  which  however  transported,  has  passed 
on  southwards  till  arrested  by  other  heights'. 

Very  different  is  the  surface  of  the  Carelian  country  to  the  north  of  Olonetz,  and 
which  lies  between  the  lakes  Onega  and  Ladoga.  Here  again  we  found  ourselves 
in  precisely  the  same  sort  of  tract  as  that  on  the  edges  of  Finland  north  of  St.  Pe- 
tersburg. Undulating  hillocks,  or  rather  ridges,  200  or  300  feet  in  height,  trending 
for  the  most  part  from  north  to  south,  or  north-north-west  to  south-south-east, 
succeed  each  other  in  rapid  succession,  and  are  from  top  to  bottom  composed  of 
granitic  and  northern  detritus,  often  separated  from  each  other  by  small  lakes. 
We  were,  in  fact,  on  the  ancient  shore  of  the  great  Scandinavian  chain,  and  amidst 
bands  of  its  grauitic  detritus,  much  resembling  that  to  which  we  shall  afterwards 
allude  as  covering  many  parts  of  Sweden*. 

The  point  we  most  wished  to  ascertain  was,  if  the  crystalline  and  hard  rocks 
which  rise  to  the  surface  immediately  to  the  north  of  Petrozavodsk,  and  over 
which  the  vast  mounds  and  ridges  of  detritus  to  the  south  of  it  had  passed,  exhi- 
hited  the  phaenomenon  of  polished  and  scratched  surfaces,  and  if  these  scratches 
were  in  the  chief  direction  of  the  drift. 

On  this  point  we  soon  satisfied  ourselves,  by  boating  up  the  Lake  Onega  to  the 
northern  extremity  of  the  little  bay  or  strait  of  Salotni,  where  we  found  the  hard 
eruptive  greenstone  and  associated  breccia  (Salomenski-kamen,  see  p.  18)  per- 
fectly rounded  off  and  grooved  on  the  northern  face  of  a  small  promontory  opposite 
to  the  church,  with  innumerable  small  stria;  having  the  direction  of  magnetic  north 
and  south.  As  the  water  of  the  lake  which  washes  round  this  small  headland  was 
very  transparent,  we  could  observe  the  stria;  down  the  northern  slope  of  the  rock 

1  Being  tired  with  the  continuous  expanse  of  sands  which  here  cover  the  lowest  Silurian  clay,  we  be- 
came vciy  impatient  to  discover  some  rock  in  situ,  and  determined  to  ascend  the  banks  of  the  river  Oyat 
for  that  purpose.  As  soon,  however,  as  the  peasants  had  prepared  our  equipage,  it  was  quite  evident  that 
our  search  would  be  fruitless,  for  not  one  of  the  horses  rca*  shod;  an  economy  very  generally  practised  in 
Russia,  where  no  hard  ground  or  rock  is  at  the  surface.  We  had,  in  fact,  been  led  to  this  excursion  by 
our  constant  inquiry  after  stones ;  and  the  Russian  peasants,  who  arc  invariably  well  acquainted  with 
every  natural  feature  in  their  neighbourhood,  dragged  us  through  sandy  forests  for  many  miles,  until  they 
truly  pointed  out  a  few  northern  blocks,  the  ouly  stones,  in  fact,  of  the  whole  tract. 

'  At  Petrozavodsk  there  seemed  to  be  some  means  of  separating  this  coarse  and  ancient  drift,  which 
contain*  boulders  and  is  covered  by  them,  from  certain  overlying  sands,  which  having  filled  depressions 
in  the  drift  clay,  have  since  been  excavated ;  but  we  had  not  time  satisfactorily  to  work  out  this  question. 


Other  peculiar  phenomena,  caused  by  the  melting  and  bursting  of  the  ice  of  the  lake  Onega  near  Petro- 
zavodsk, will  be  described  in  the  next  chapter. 
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to  eight  or  ten  feet  below  the  liquid  surface,  whilst  on  tracing  them  up  on  the  rock 
exposed  to  the  atmosphere  we  found  them  persistent  to  near  the  summit  of  the 
little  hill,  particularly  wherever  the  thin  coating  of  turf  and  soil,  on  which  a  few 
stunted  fir-trees  grew,  was  uncovered.  To  the  south  side  of  the  hill,  on  the  con- 
trary, no  such  traces  of  wearing,  friction  or  striation  could  be  seen,  and  thus  we  had 
before  us,  on  the  edges  of  Russian  Lapland,  the  very  phjenomenon  so  extensively 
observed  by  Sefstrom  over  Sweden,  and  on  the  consideration  of  which  we  shall 
subsequently  dwell,  viz.  a  rounded,  worn  and  striated  surface  of  the  northern  sides 
of  promontories,  whose  southern  faces  are  natural  and  unaffected  by  any  mechanical 
agency. 

Whilst  great  heaps  or  ridges  of  rounded  granite  blocks  and  gravel  occupy  the 
tract  before  alluded  to  south  of  Petrozavodsk  (masses  of  the  same  being  doubtless 
buried  in  the  lake),  large  and  subangular  blocks  have  travelled  further  to  the 
south,  as  we  proved  by  detecting  several  of  them  on  the  very  summits  of  the 
greenstone  and  syenitic  promontories,  which  in  heights  of  400  to  600  feet  above 
the  lake,  constitute  its  south-western  coast,  and  extend  to  the  north  bank  of  the 
river  Svir. 

Arrived  at  the  southernmost  of  these  hard  promontories,  just  where  the  igneous 
rocks  subside  towards  a  vast  plain,  and  are  no  longer  to  be  found  across  the  whole 
regions  of  Russia, — on  a  slope,  where  emerging  from  umbrageous  thickets,  we 
enjoyed  a  magnificent  prospect,  having  the  Lake  Onega  on  the  left,  the  deep  and 
pellucid  river  Svir  in  front,  and  the  undulating  regions  of  Muscovy  beyond  it,  a  very 
remarkable  trainee  of  blocks  of  granite,  gneiss,  greenstone,  &c,  mingled  with  a 
few  quartzose  boulders  derived  from  the  region  over  which  we  had  travelled,  was 
spread  out  at  our  feet.  This  fact  is  in  perfect  accordance  with  that  observed  on 
the  southern  side  of  the  plateau  of  Czarskoe-Celo,  and  also  with  the  common 
Swedish  phenomena  of  which  we  shall  hereafter  treat. 

This  trainee,  of  vast  width,  extends  for  some  versts  to  the  south  of  the  river 
Svir,  where  its  numerous  boulders,  many  of  them  much  rounded,  constitute  a 
water- worn,  pebbly  surface,  not  unlike  that  of  the  "  crau  "  in  the  south  of  France. 
After  passing  over  the  indurated  and  quartzose  rocks  which  exist  in  it,  this  drift 
also  overlaps  the  same  formation,  where  it  becomes  the  unaltered  Old  Red  Sand- 
stone (Devonian),  and  in  which,  on  the  banks  of  the  Mgra  in  this  neighbourhood, 
we  found  characteristic  ichthyolitcs  (see  p.  47). 

The  south  end  of  the  Lake  Onega,  equally  flat  with  that  of  Lake  Ladoga, 
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presents,  indeed,  a  striking  contrast  to  the  latter,  in  its  surface  being  covered  with 
a  coarse  northern  drift  of  a  few  feet  in  thickness,  beneath  which  the  upper  beds  of 
the  Old  Red  Sandstone  or  the  lower  beds  of  the  carboniferous  limestone  are  occa- 
sionally detected.  This  distinction  may  be  explained  by  the  great  difference  of 
physical  outline  of  the  cast  and  west  banks  of  these  two  lakes  ;  for  whilst  those  of 
Ladoga, — at  least  for  some  distance  from  its  southern  end, — are  flat  and  low,  with- 
out the  trace  of  a  hard  subjacent  rock,  those  of  Onega,  consisting,  as  we  have 
shown,  of  trappxan  and  quartz  rocks  on  tbe  west,  and  of  hills  of  Old  Red  Sand- 
stone with  its  ichthyolites  on  the  east  (p.  47),  form  striking  promontories,  under  the 
Ife  of  which  all  this  drift  has  been  accumulated.  It  was  also  curious  to  observe, 
how  exactly  the  line  which  this  drift  had  taken,  from  north  and  by  west  to  south  and 
by  east,  was  indicated  by  a  change  in  the  nature  of  its  materials,  as  we  traversed 
its  direction  and  approached  the  city  of  Vittgra  ;  the  granitic  rocks  common  to  all 
the  region  iu  the  north  still  prevailing,  whilst  the  boulders  of  quartz  rock  and  trap 
disappeared.  Their  absence,  again,  is  strictly  coincident  with  the  fact,  that  the 
eastern  side  of  the  lake  to  which  we  had  advanced,  contains  no  such  rocks  in  situ 
at  its  northern  end,  but  simply  Old  Red  Sandstone  in  its  uualtcred  state.  In 
ascending,  however,  the  eastern  sides  of  the  lake  we  found  fragments  of  Lydian 
stone  and  altered  limestone,  derived  from  masses  which  lie  to  the  north  of  that 
parallel.  In  extending  our  researches  eastwards  to  the  plateaux  on  the  banks  of 
the  Andoma  and  its  tributaries,  to  examine  the  Old  Red  or  Devonian  rocks  with 
their  caps  of  mountain  limestone  (p.  74),  we  were  much  struck  with  the  com- 
parative absence  of  drift.  This  contrast  was,  therefore,  a  proof,  in  addition  to  the 
many  examples  we  have  already  cited,  that  the  agency  by  which  the  distribution 
of  the  rounded  and  highly-worn  drift  had  been  accomplished,  acted  in  north  and 
south  zones  of  greater  or  lesser  width.  Still,  on  these  high  grounds,  an  erratic 
northern  block  may  here  and  there  be  detected,  and  on  advancing  to  the  southern 
or  south-south-east  slope  of  the  carboniferous  limestone,  we  again  met  with  a  pro- 
fuse spread  of  northern  granitic  boulders  and  blocks,  but  without  a  trace  of  quartz 
rock. 

For  •  considerable  distance  to  the  cast  of  Vitegra,  tbe  country  is  singularly  exempt  from  all  northern  and  foreign 
detritus,  the  Old  Red  Sandstone  being  cither  seen  in  rita,  or  the  surface  detritus  being,  as  it  were,  entirely  made 
up  of  that  subjacent  rock  ;  but  on  reaching  the  plateau  which  separate*  the  waters  flowing  into  the  Dwina  and  White 
Sea  from  those  which  flow  into  the  Ualtic,  the  carboniferous  limestone  is  occasionally  seen  to  be  covered  with  >  drift, 
composed  of  northern  boulders,  mixed  up  with  tbe  limestone  of  tbe  tract,— one  of  the  largest  of  the  granitic  blocks 
near  Perkina.  resting  upon  the  local  detritus,  was  from  twelve  to  fifteen  feet  in  diameter.  Again,  all  northern  de- 
tritus eilher  di»ap|*ars  or  becomes  exceedingly  scarce,  and  the  road  to  targopol  for  several  stages  is  either  formed 
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upon  the  denuded  carboniferous  limestone  or  on  its  spoil,  with  vrry  little  other  superficial  covering.  Though  a  few 
northern  blocks  appear  near  the  station  of  Brancva,  the  ordinary  character  of  the  superficial  detritus  of  a  consider- 
able part  of  the  country  between  Cargopol  and  the  Dwiua,  is  of  a  very  tranquilly. formed  character.  Thus  on  the 
Onega  river  and  its  feeder,  the Tchutchetza,  the  banks  are  composed  of  fine  sandy  loam  of  a  considerable  thickness, 
not  unlike  the  lo*s  of  the  Danube,  and  thU  becoming  more  sandy,  continues  to  Archangclskoi  -,  near  to  which,  indeed, 
the  carboniferous  limestone  is  solely  covered  by  a  frw  inches  of  fine  dark  mould.  Again,  sands,  occasionally 
loamy,  and  rarely  passing  into  a  state  of  "  loss,"  for  the  most  part  nothing  but  sea-sands,  encumber  the  surface  of 
the  carboniferous  limestone,  which  only  peeps  out,  at  intervals ;  and  through  several  stages  we  could  only  discover  a 
solitary  northern  block  in  the  course  of  many  miles,  a  few  of  them  being  visible  at  the  little  post-house  of  Kodynez. 
Between  that  place  and  Siiskaya  on  the  Dwina,  arc  picturesque  small  lakes,  surrounded  by  rapidly  undulating 
sandy  hills,  occasionally  somewhat  argillaceous  and  finely  laminated,  and  then  passing  into  loss;  but  far  and  wide 
mutt  tkr  traveller  roam  In  find  am  erratic  bluet. 

This  is  perhaps  the  most  extensive  boulderlcss  tract  which  we  traversed  in 
Northern  Russia.  On  approaching,  however,  the  higher  grounds  which  form  the 
left  of  the  Dwina,  the  soil  becomes  argillaceous,  and  granitic  northern  blocks  again 
occur  upon  the  surface'. 

Near  the  estuary  of  the  Dwina,  or  for  a  certain  distance  to  the  south  of  Archangel,  the  right  bank  of  the  river, 
which  is  high  and  opposite  to  the  plains  and  meadows  of  Kholuiogor  or  Knlmogorn,  is  composed  of  irregular  accu- 
mulations of  reddish  argillaceous  sand  and  marl,  apparently  void  of  stratification  ;  nothing  more  than  regenerated 
piles  of  the  subjacent  Old  Ret)  Sandstone,  which  formation  then  succeeds  to  the  carboniferous,  and  therefore  makes 
up  the  mass  of  the  drift.  The  surface  of  this  tract,  rarely  sandy,  and  for  the  most  part  argillaceous  and  boggy, 
very  seldom  exhibits  anything  like  a  large  granitic  boulder. 

Traversing  the  Dwina  to  its  west  bank,  and  coasting  the  low  promontories  which 
fringe  the  White  Sea,  we  there  also  travelled  three  stations  in  dunes  of  sand  and 
stunted  woods,  before  we  met  with  a  northern  travelled  rock.  No  sooner,  how- 
ever, did  we  arrive  in  the  same  parallel  of  longitude  as  the  isles  of  rocky  gneiss 
and  granite  in  the  bay,  than  we  began  to  find  a  few  erratics  derived  from  them". 

1  In  the  next  chapter  we  shall  show  how  some  of  these  boulders  have  been  moved  in  modern  times. 

•  The  monastery  of  St.  Nicholas  stands  on  one  of  these  isles.  The  sandy  shore*  of  the  White  Sea, 
along  which  we  were  then  forcing  our  way  (accompanied  by  our  kind  friend  Mr.  Whitehead,  Her  Bri 
tannic  Majesty's  Consul  at  Archangel),  were  covered  at  intervals  with  numerous  plants,  which  formed  a 
rich  foreground  to  the  magnificent  marine  prospect  of  the  glassy  sea  with  its  islets  and  white  monasteries. 
The  plants  we  observed  were  chiefly  those  of  the  flora  of  North  Britain,  and,  exclusive  of  some  remark- 
able roses,  wc  collected  Linntta  borealis,  Pyrula  unifiora,  Rutnu  Chanutmonu,  Rubmt  (species  unknown). 
Impatient  Soli-me-tangrre.  Cornut  Sueeira,  Trientalit  Kuropea,  Thy  mat  Serpyllam,  Circtta  Alpina.  Vac- 
cinium  Oiycoccu*.  &c.  We  were  also  much  struck  with  the  large  size  and  good  shupe  of  the  cows  in  these 
boreal  tracts.  They  arc,  in  fact,  quite  aa  large  and  fine-coated  as  those  of  the  English  Suffolk  breed, 
and  not  unlike  them.  This  feature  of  civilization  is  due  to  that  remarkable  sovereign  Peter  the  Great, 
who  imported  Dutch  cattle,  suitable  to  the  rich  and  deep  pastures  on  the  left  bank  of  the  Dwina,  near 
the  ancient  town  uf  Kbotmogor,  from  whence  the  breed  has  spread  over  a  considerable  tract.  Khol- 
mogor  was  the  chief  town  of  these  parts  (long  before  the  foundation  of  Archangel),  when  the  intrepid 
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Whether  the  salt-pits  which  occur  to  the  west  of  Ninokotski  are  proofs  of  the 
comparative  recent  sojourn  of  the  sea  in  these  parts,  or  depend  on  springs  which 
issue  from  subjacent  Old  Red  or  Devonian  strata,  seems  doubtful.  Some  of  them 
may,  for  all  that  we  know,  be  formed  like  salt-pans  from  the  present  sea,  as  on 
parts  of  the  British  shores  ;  but  at  the  station  of  Unskoi  a  salt  spring  unquestion- 
ably issues  from  a  subjacent  stratum,  which  we  believe  to  be  Devonian.  Between 
this  place  and  the  western  side  of  the  promontory  which  constitutes  the  east  coast 
of  the  bay  of  Onega,  undulating  bills,  often  argillaceous,  are  capped  with  northern 
blocks  and  sand,  and  a  few  slabs  of  hard  red  sandstone,  as  we  particularly  observed 
in  the  heights  upon  the  left  bank  of  the  river  Kianda.  In  fact,  the  whole  of  the 
great  promontory  which  stands  out  northwards  towards  the  White  Sea,  the  southern 
side  only  of  which  we  examined,  is  covered  with  blocks  and  erratic  matter,  and 
thus  we  were  again  in  a  detrital  zone,  which  presented  a  striking  contrast  to  the 
sandy  and  loamy  surface  between  it  and  the  Dwina.  In  certain  ravines  on  the 
east  coast  of  the  bay  of  Onega  we  met  with  such  great  masses  of  subangular  blocks 
of  gneiss  and  granite,  that  we  were  almost  disposed  to  think  these  rocks  must  be 
in  situ  i  the  more  so  as  we  knew,  that  the  little  islets  in  the  bay  were  composed  of 
such.  When  the  structure  of  these  isles,  or  the  chief  of  them,  Ki-ostrof,  was 
described  (p.  17),  we  had  not  visited  the  coasts  of  Norway  and  Sweden;  and  we 
must  therefore  now  state,  that,  whether  in  structure  or  in  outline,  Ki-ostrof  and 
its  associated  islets  exactly  resemble  the  "skars1"  of  these  countries,  of  which 
hereafter. 

This  islet  forms  the  southernmost  of  a  group  of  granitic  isles  which  extend 
northwards  ;  and  on  the  largest  of  them,  at  the  mouth  of  the  bay,  is  built  the 
Solavetski  monastery.  Ki-ostrof,  as  well  as  its  adjacent  islets,  is  an  elongated 
narrow  "  skiir,"  the  shape  of  which  conforms  to  that  of  the  bay  of  Onega ;  its 
northernmost  face  being  very  much  worn  down  and  polished*,  whilst  its  southern 

English  navigator.  Chancellor  (anno  1551),  ducoverrd  Muscovy  rtrf  the  White  Sea,  and  there  waited 
until  he  received  an  invitation  from  the  Czar  Ivan  Yaaailicvitch  to  visit  Moscow, 
i  This  Swedish  word  is  pronounced  like  the  English  word  ihare. 

•  Though  we  did  not  visit  the  laic  of  Dago,  which  lies  between  the  Finnish  and  Swedish  shores  whence 
the  granite  blocks  have  been  derived,  and  the  low  platcan  of  Courland  on  which  they  are  lodged,  we  know 
from  Professor  Eichwald,  who  gave  us  specimens  from  the  spot,  that  in  tome  parts  the  surface  of  the 
Upper  Silurian  limestone  in  that  Maud  baa  been  scratched,  as  if  weighty,  harrowing  bodies  had  passed 
over  it  from  north  to  south.    It  is,  of  course,  impossible  that  any  such  permanent  scratches  can  have 
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end  is  higher,  with  small  indented  bays  into  which  heaps  of  rounded  boulders  have 
been  lodged  under  the  6ide  of  the  cliffs.  The  explanation  of  this  peculiarity  of 
outline  will  he  entered  upon  in  the  sequel,  in  treating  of  the  much  better  exam- 
ples of  similarly-shaped  and  eroded  isles  and  promontories  in  Scandinavia.  We 
will  now  only  observe  by  the  way,  that  in  the  large  wood  trade  which  is  carried  on 
between  Onega  and  England,  the  rafts  of  timber  now  find  their  resting-place  from 
the  tidal  influence,  in  the  southern  bay  of  the  little  Ki-ostrof,  just  as  the  boulders  of 
old  did  ;  that  side  being  now  as  well  protected  from  the  roll  of  the  northern  surge, 
as  it  was  of  old,  from  the  violent  current  of  the  northern  drift. 

We  have  thus  endeavoured  to  explain  the  nature  of  the  northern  drift,  as  well 
as  the  manner  in  which  it  has  been  deposited,  along  the  northern  frontier  of  the 
sedimentary  deposits  of  Russia,  and  the  reader  will,  we  hope,  have  perceived,  that 
in  general  such  detritus  is  most  accumulated  on  plateaux  and  high  grounds,  and 
particularly  on  their  southern  slopes.  We  have  also  shown,  that  it  occurs  in  north 
and  south  zones  of  greater  and  lesser  width  and  length.  It  has  further  been  stated, 
that  in  a  broad  space  of  country  between  Vitegra  and  Archangel,  of  small  elevation 
and  at  no  great  distance  from  the  source  of  their  origin,  erratic  blocks  are  very 
rarely  to  be  detected,  whilst  in  approaching  their  sources,  or  the  crystalline 
nucleus  of  the  White  Sea,  they  increase. 

Let  us  now  follow  these  train&s  to  the  interior.  To  the  south  of  the  govern- 
ment of  St.  Petersburg,  the  Valdai  Hills,  like  other  high  grounds  to  which  we  have 
adverted,  have  arrested  vast  quantities  of  blocks  (granite,  gneiss,  greenstone  and 
porphyry  of  Finland),  which  in  many  parallels  of  longitude  are  profusely  spread 
over  the  southern  talus  of  these  hills,  and  have  been  transported  to  Moscow,  and 
to  great  distances  south  of  that  city.  Taking  the  direction  of  the  great  mass  of 
drift  which  has  passed  to  the  south  and  south-south-east,  we  may,  indeed,  confi- 
dently refer  to  the  same  origin  the  blocks  which  are  traceable  at  intervals  as  far 
southwards  as  Voroneje  (see  Map),  a  distance  of  about  700  or  800  miles  from  the 
nearest  edge  of  their  parent  country.  Following  the  drift  in  the  longitudinal 
parallel  of  the  lake  of  Onega,  which  we  have  indicated  as  a  powerful  zone,  we 
found  the  regions  around  Tcherepovetz,  Mologa,  Yaroslavl  and  Vladimir,  even  as 
far  southwards  as  Jelatma,  or  Yelatma,  not  only  encumbered  with  large  erratic 
blocks,  but  with  such  vast  masses  of  gravel,  clay  and  sand,  that  it  is  quite  impos- 
sible to  detect  a  trace  of  the  subjacent  rocks  over  very  wide  tracts,  even  in  the 
beds  of  the  Volga  and  the  deepest  cutting  rivers.    The  body  or  matrix  of  the  drift 
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in  this  region  is  made  up  of  the  ruins  of  the  Devonian  and  Carboniferous  rocks, 
over  which  the  current  has  swept.  The  former  being,  for  the  most  part,  a  slightly 
coherent  red  sandstone  with  marls,  has  contributed  to  give  the  dominant  colour  to 
the  mass,  whilst  fragments  of  the  chert  and  flint  which  abound  in  the  latter  are  so 
profusely  distributed,  that  a  geologist  unacquainted  with  the  structure  of  the  car- 
bouiferous  limestone  of  Russia,  might  at  first  sight  really  take  them  to  be  the  relics 
of  a  chalk  formation.  In  these  respects,  indeed,  the  detritus  resembles  that  of 
Moscow  and  many  other  tracts. 

Near  Jurievetz  upon  the  Volga,  we  found  erratic  blocks  of  quartz  rock  asso- 
ciated with  others  of  that  trap  breccia,  which  we  have  remarked  as  peculiar  to  the 
north-western  side  of  the  lake  of  Onega  near  Petrozavodsk.  Having  become  well- 
acquainted  with  that  rock  in  situ,  and  having  assured  ourselves  that  it  does  not 
exist,  cither  to  the  west  or  east  of  the  particular  zone  in  question,  we  had  in  this 
instance  just  as  clear  evidence  of  the  direction  in  which  these  fragments  had  been 
transported  for  500  miles  from  north-west  to  south-cast,  as  the  mineralogists  of 
St.  Petersburg  possess  of  a  shorter  southern  transport,  in  the  Finnish  rocks  to  the 
south  of  that  city.  The  blocks  of  quartz  rock  and  Solamenski-kamen,  as  seen  for 
a  stage  or  two  to  the  south  of  Jurievetz,  Mednikovo,  &c,  lie  upon  the  higher 
undulating  grounds  which  form  the  right  bank  of  the  Volga,  and  the  general  mass 
of  the  superficial  materials  on  which  the  blocks  repose,  are  finely  laminated  yel- 
lowish sands  and  loams  which  for  the  most  part  obscure  the  red  marls,  forming 
the  subsoil  of  the  country  (sec  p.  179  et  seq.).  At  Garbatof  on  the  Oka,  which 
lies  to  the  west  of  the  tract  in  question,  and  at  several  localities  along  the  banks 
of  that  stream,  we  found  materials  of  northern  drift  in  the  overlying  detritus,  often 
of  considerable  thickness,  but  in  none  of  these  instances  could  we  discover  a  trace 
of  the  peculiar  rocks  which  constitute  the  promontories  of  Petrozavodsk  on  the 
right  bank  of  the  Lake  Onega,  the  northern  erratics  being  chiefly  granites  or  gneiss, 
such  as  occur  in  situ  to  the  north  of  the  Lake  Ladoga  (see  Map,  PI.  VI.). 

We  have  said  that  the  blocks  to  the  south-cast  of  Jurievetz  occupy  undulating 
grounds  rather  higher  than  the  adjacent  depressions,  and  in  such  positions  we  also 
observed  them  towards  Nikolsk,  and  also  on  high  cliffs  overhanging  the  Suchoua 
river,  between  Totma  and  Ustiug.  To  the  south  and  to  the  north  of  the  last-men- 
tioned town,  northern  granitic  blocks  are  also  seen1 ;  and  we  were  struck  with 

1  The  shrine  of  St.  Prucopiua  in  the  cathedral  church  of  Ustiug  is  in  high  reputation  with  the  natives, 
because  about  300  years  ago  that  holy  man  is  said  to  have  saved  L'atiug  from  being  destroyed  by  a  shower 
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their  comparative  abundance  on  the  higher  undulating  grounds  between  it  and 
Krasnoborsk,  whilst  the  lower  country  in  which  the  Dwina  flows  towards  Arch- 
angel is  almost,  if  not  entirely,  exempt  from  them.  That  tract  forms,  indeed,  a 
portion  of  the  broad  sand-covered  tracts  between  Cargopol  and  the  Dwina  which 
have  been  already  described,  as  being  free  from  every  sort  of  northern  drift. 

These  facts,  including  what  we  have  said  of  the  position  of  the  blocks  to  the 
south  of  Jurievetz,  where  they  lie  on  the  highest  portions  of  a  tract  composed  of 
finely  laminated,  loamy  sands,  appear  to  us  to  favour  strongly  the  view  on  which 
we  shall  afterwards  dwelt,  that  the  great  erratics  (so  far  detached  from  the  sources 
of  their  origin  and  ofteu  separated  therefrom  by  wide  regions  in  which  no  trace  of 
such  detritus  is  found)  were  probably  floated  to  their  present  habitats  in  former  ice- 
bergs, when  the  sands  in  question  formed  the  bottom  of  a  sea,  which  extended  from 
the  shores  of  Scandinavia,  and  in  which  the  icebergs  sailed  southwards  with  the 
current,  until  arrested  by  the  higher  grounds  in  question.  But  what  was  the  con- 
dition at  that  time  of  these  higher  grounds  ?  By  inspecting  the  Map  the  reader 
will  perceive,  that  the  country  around  Ust-Sisolsk,  and  thence  to  the  edge  of  the 
Timan  range, — in  short,  the  upper  grounds  in  which  the  feeders  of  the  Vitchegda 
spring,  form  the  extreme  limit  in  that  direction  of  every  Scandinavian  erratic.  Still 
further  to  the  north-east,  the  Timan  range  constitutes  their  eastern  girdle,  for  no 
trace  of  them  has  we  believe  been  detected  beyond  it,  in  the  basin  of  the  Petchora. 
The  ancient  elevation  of  that  range  explains  this  feature  of  the  phenomenon. 

In  our  last  chapter  on  the  Ural  Mountains,  it  has  been  shown,  that  a  large 
port  urn  of  Siberia  and  the  whole  of  the  Ural  chain  must  have  been  above  the 
waters  during  long  periods  antecedent  to  our  sra ;  and  we  would  now  observe, 
that  such  elevations  as  those,  which  affected  the  central  ridge  of  these  mountains, 
could  scarcely  have  taken  place  without  occasioning  a  corresponding  rise  over  a 
considerable  area  on  the  west.  May  we  not,  therefore,  suppose,  that  the  same 
elevations  which  last  raised  the  Ural  Mountains  and  Siberia,  and  rendered  those 
tracts  the  residence  of  mammoths  and  other  wild  animals,  had  also  raised  the  large 
area  of  the  governments  of  Perm,  Viatka  and  Orenburg,  which  lies  between  the 
eastern  limit  of  the  Scandinavian  blocks  and  the  edge  of  the  Ural  Mountains  ? 

of  aeroiitt*  which  fell  from  heaven.  Our  mineralogical  curio*ity  wu  routed,  and.  unseen,  we  contrived  to 
chip  off  a  small  fragment  from  the  block,  which  from  its  blackened  and  polivhed  external  aspect  (due  to 
long  adoration  and  the  smoke  of  incense)  might  really  have  passed  for  an  aerolite — when  it  proved  to  be 
a  true  granitic  northern  boulder.    So  much  for  the  legend  and  St.  Procopiu*. 
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The  nature  of  the  superficial  detritus  which  occupies  the  surface  of  that  area  is 
much  in  favour  of  this  view.  For  a  considerable  space  to  the  west  of  the  Ural, 
there  is  not  a  vestige  of  any  superficial  deposit  which  can  be  referred  to  the  in- 
fluence of  the  sea ;  no  far-transported  blocks— no  finely  levigated  sands  and  dunes 
— no  great  diluvial  hillocks  of  clay  and  drift ;  but,  on  the  contrary,  all  the  detritus, 
like  that  of  the  Ural  and  Siberia,  is  local  and  small.  We  believe,  therefore,  that 
the  region  so  characterized  was  really  above  the  waters  and  inhabited  by  mam- 
moths, when  the  erratic  blocks  were  transported  over  the  adjacent  north-western 
sea,  and  that  the  then  coast  of  the  Siberian  and  Uralian  lands  advanced  near  to  the 
line  marked  on  the  Map  as  the  extreme  boundary  of  the  granitic  erratics,  which 
were,  we  believe,  stranded  on  or  near  the  shelving  shore  of  these  ancient  lands. 

In  speaking  of  Russia,  we  have  already  endeavoured  to  show,  that  the  drift  has 
been  diversified  and  added  to,  as  it  passed  southwards,  by  deriving  new  materials 
from  each  zone  of  rocks  which  it  traversed.  The  Silurian  and  Devonian  deposits, 
which  contain  few  hard  beds,  have  not,  as  might  be  expected,  furnished  many 
boulders,  their  debris  consisting  chiefly  of  grey  and  red  mud  and  sand ;  but  the 
carboniferous  limestone,  containing  bands  of  flint  and  chert,  fragments  of  these 
have  been  most  largely  distributed,  and  being  readily  known  by  their  included 
organic  remains,  are  valuable  "  drift  marks,"  if  we  may  use  the  expression.  In 
proof  of  the  uniform  direction  of  the  drift,  we  may  state,  that  there  is  no  instance 
of  one  of  these  flints  having  been  found  to  the  north  of  the  carboniferous  zone, 
from  whence  alone  they  can  have  been  derived,  whilst  they  are  profusely  scattered 
over  its  surface  and  extend  for  vast  distances  beyond  its  southern  limits.  This 
phtenomenon  is  in  perfect  accordance  with  what  we  have  observed  in  the  country 
of  Siluria  and  other  tracts  of  Western  Europe,  where  the  direction  of  drift  in  any 
particular  line  may  be  tested  by  the  addition  of  fresh  materials  of  the  subsoil  over 
which  it  passed. 

In  treating,  however,  of  the  great  block  region  of  all  the  northern  states,  it  must 
be  said,  that  these  indicia  of  the  character  of  the  subsoil  in  each  of  the  successive 
geological  tracts,  proceeding  from  north  to  south,  are  t—  cx  xx  tx  xi  t-  cx  \  o  x\»  vx  ^x  *  x  (jr 
in  Northern  Prussia  and  Poland  no  rocks  whatever  have  been  detected  even  in 
the  deepest  denudations.  The  northern  materials,  with  the  occasional  detritus 
of  Swedish  Silurian  strata,  are  there  alone  mixed  up  with  sands  and  clay  of 
uniform  colour,  chiefly  the  spoil  of  the  tertiary  deposits  of  those  countries.  In 
Mecklenburg  and  Prussia  the  blocks  occur,  for  the  most  part,  as  in  Russia,  on 
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the  slopes  or  sides  of  the  hills,  and  occasionally  in  thick  groups :  the  tracts  be- 
tween Schwerin  and  Lubcck  on  the  east,  and  again  around  Scelaw  on  the  right 
bank  of  the  Oder,  being  fine  examples.  In  the  rapidly  undulating  country  between 
the  Oder  and  Posen,  particularly  at  the  village  of  Kiihorl,  the  largest  boulders  (all 
much- rounded)  are  found  on  the  north  side  of  a  little  hill.  In  some  districts  they 
occur  at  intervals,  and  seem  more  equably  scattered  about.  In  many  others,  par- 
ticularly in  Pomerania,  they  occupy  irregular  lines  or  trainees  ranging  from  north  to 
south.  Thus  also,  in  the  sandy  plains  east  of  Posen,  not  a  block  is  to  be  seen  for 
several  miles  from  east  to  west;  but  the  moment  you  reach  the  small  elevations, 
somewhat  more  argillaceous,  which  rise  towards  the  Polish  frontier,  they  are 
again  numerous.  In  that  frontier  sandy  plain,  the  blocks  are  usually  small,  but 
in  the  hills  between  Konin  and  Kolaa,  the  subsoil  of  which  is  composed  of  tertiary 
claystone  as  white  as  chalk,  loads  of  large  blocks  are  buried  in  and  mixed  with 
gravel  and  sand,  at  heights  of  300  or  400  feet  above  the  sea.  In  passing  from 
west  to  cast,  the  traveller  is  here  struck,  as  in  Russia,  with  the  great  change  in 
the  character  of  the  blocks  in  each  new  degree  of  longitude,  showing  that  they 
have  been  derived  from  different  districts  of  Scandinavia  and  have  been  distributed 
in  trainees ;  for  whilst  to  the  west  of  Posen  they  are  nearly  all  granitic,  to  the 
east  they  are  chiefly  of  quartz  rock  or  altered  sandstone.  In  the  richly  cultivated, 
argillaceous  and  loamy  plains  between  Kolaa  and  Warsaw,  the  detritus  is  more 
equably  spread  about  at  rarer  intervals,  and  not  in  groups.  At  Warsaw  the  ex- 
cavations made  for  brick-earth,  expose  a  subsoil  of  incoherent  white  sand  inoscu- 
lating with  some  clay,  and  occasionally  containing  small  pebbles  of  quartz  rock 
and  Lydian  stone  •,  the  whole  representing  the  tertiary  beds  of  the  region.  These  are 
covered  by  the  drift  clay  and  loam,  with  erratic  northern  blocks  upon  the  surface. 

The  drift  of  Russia  and  Germany,  in  common  with  that  of  England,  exhibits, 
for  the  most  part,  a  diminution  in  the  quantity  and  size  of  the  blocks,  the  further 
they  have  ranged  from  the  source  of  their  origin.  Hence,  in  the  parallel  of  Mos- 
cow, to  which  place  and  far  beyond  it  they  extend,  the  fragments  of  granite  and 
greenstone  seldom  exceed  two  or  three  feet  in  diameter';  whilst  near  St.  Peters- 
burg their  diameter  is  often  as  many  yards.    In  passing  from  the  White  Sea  to 

1  The  larger  blocks  axe  rapidly  disappearing,  being  broken  up  for  the  chaussecs  and  far  building  pur- 
poses. The  observation  in  the  text,  that  the  blocks  diminish  in  size  as  they  are  traced  to  the  south,  is, 
it  must  be  understood,  liable  to  exceptions,  there  being  examples  of  large  blocks  at  great  distances  from 
their  origin,  which  can.  we  believe,  only  have  travelled  thither  in  floating  icebergs. 
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Nijni  Novogorod,  the  same  facts  present  themselves.  To  the  south  of  Ustiug  the 
granitic  and  greenstone  hlocks  begin  to  be  scarce,  though,  as  before  said,  wc  met 
with  a  fine  example  several  feet  in  diameter,  even  as  far  south  as  Garbatof,  on  the 
Oka. 

The  traveller  who  does  not  court  the  long  and  devious  routes  by  which  we 
journeyed,  may  verify  some  of  the  prominent  points  of  observation  without  quit- 
ting the  sides  of  the  splendid  chaussee  from  St.  Petersburg  to  Moscow,  which  is 
entirely  made  of  northern,  granitic  and  greenstone  blocks ;  but  to  obtain  a  due  con- 
ception of  the  vast  area  over  which  the  detritus  is  spread  out,  as  well  as  to  under- 
stand the  very  irregular  dispersion  of  the  blocks, — sometimes  placed  at  wide  di- 
stances from  each  other,  at  other  times  in  heaps,  here  quite  upon  the  surface, 
there  entangled  in  mud, — he  must  traverse  not  only  the  northern  tracts,  but  also 
the  great  central  regiou  of  Vologda  and  its  contiguous  governments.    In  doing 
this,  he  may,  for  a  while,  be  led  to  speculate  upon  the  former  existence  of  basins 
of  sand  in  one  tract  and  of  clay  in  another ;  but  the  more  he  extends  his  survey, 
the  more  will  he  find,  that  all  these  accumulations  and  their  associated  blocks  are 
parts  of  one  great  system  of  operations,  and  that  they  have  all  been  formed  in  one 
long  period  of  time.    He  will  also  be  convinced,  that  the  widely-spread  and  finely 
laminated  sands  cannot  have  been  accumulated  except  under  water  5  and  when  he 
sees  that  these  sands  and  gravel,  as  on  the  Vaga,  overlie  strata  replete  with  pleis- 
tocene or  modern  marine  shells  before  described  (p.  32K),  he  will  conclude  with  us, 
that  this  great  northern  drift  (by  whatever  power  transported)  was  deposited  on  the 
bottom  of  a  sea.    This,  in  our  view,  is  a  condition  which  must  be  present  to  the 
mind,  before  wc  can  draw  just  conclusions  respecting  the  method  by  which  the  blocks 
were  transported.    As  the  Valdai  Hills,  the  highest  grounds  in  European  Russia 
(from  800  to  1 100  feet  above  the  sea),  are  covered  with  them,  there  is  no  doubt  in 
our  minds,  that  the  whole  of  that  portion  of  the  continent  was  beneath  the  waters, 
at  the  period  of  the  distribution  of  the  blocks.    Even  in  such  tracts,  however, 
there  are  phenomena  which  lead  us  to  infer,  that  the  present  form  of  the  land 
prevailed  to  a  considerable  extent  even  when  submerged,  and  that  such  outline 
had  a  great  influence  upon  the  manner  in  which  the  blocks  were  lodged. 

By  reference  to  the  Map,  it  will  be  seen  that  the  southern  limit  of  these  erratics 
is  by  no  means  uniform,  as  represented  by  previous  writers,  but  on  the  contrary 
very  devious.  The  detritus  does  not,  in  fact,  occupy  an  equably  shelving,  southern 
talus,  but,  though  often  on  plateaux,  it  has  in  many  instances  followed,  even  to 
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great  distances,  the  course  of  the  existing  north  and  south  valleys  at  its  southern 
extremity.  As  if,  however,  to  mark  how  entirely  dissimilar  the  transport  has  been 
to  anything  which  we  can  imagine  under  terrestrial  conditions,  this  ancient  detritus 
has  usually  been  propelled  in  an  opposite  direction  to  the  present  course  of  the 
waters  and  consequently  up-hill,  with  reference  to  the  present  surface.  For  example, 
all  the  rivers  of  Russia,  Poland  and  Prussia  which  have  their  exit  into  the  White 
Sea  or  Baltic,  as  well  as  the  Oka  and  other  southern  tributaries  of  the  Volga,  flow 
from  the  south,  yet  all  the  detritus  has  been  propelled  from  the  north. 

There  is,  indeed,  no  feature  more  curious  in  the  distribution  of  the  drift  along 
its  southern  frontier,  than  its  far  advance  to  the  south  along  certain  great  valleys, 
and  its  omission  in  such  localities  upon  the  interjacent  higher  grounds.  Such,  for 
example,  are  the  heaps  of  detritus,  syenite,  granite  and  greenstone  which  advance 
into  the  valley  of  the  Don  near  Voroneje,  and  on  the  west  by  another  north  and 
south  parallel  to  the  neighbourhood  of  Putievil1  on  the  Sem,  a  tributary  of  the 
Desna,  leaving  (as  shown  upon  our  Map)  the  central  dome  of  Orel  almost  if  not 
entirely  free  from  such  transported  matter. 

These  are  truly  remarkable  facts  ;  and  we  feel  confident  that  there  are  no  other 
parts  of  Europe  in  which  foreign  materials  have  been  transported  so  far  as  from 
Russian  Lapland  and  Finland  to  Voroneje  and  Putievil,  points  from  700  to  800 
English  miles,  in  straight  lines,  from  the  nearest  crystalline  rocks  whence  such 
fragments  can  have  proceeded. 

We  are  not  personally  acquainted  with  the  marshes  of  Pinsk,  which  indicate  we 
apprehend  the  southern  limit  of  erratics  in  that  parallel ;  but  we  are  certain  that 
the  southern  granitic  steppe  to  which  we  have  before  alluded,  was  a  dividing  barrier 
before  the  period  of  their  distribution,  as  no  portion  of  it  offers  evidence  of  sub- 
aqueous transport.  In  Poland,  however,  and  in  the  adjacent  part  of  Russia,  we 
found,  that  in  the  great  valleys  of  the  Vistula  and  the  Oder,  the  blocks  were  distri- 
buted precisely  as  in  the  valleys  of  the  Don  and  the  Desna.  Along  the  Vistula 
they  range  in  rare  and  isolated  specimens  up  to  the  environs  of  Crakow  (500  miles 
from  the  nearest  shores  of  Sweden),  where  the  northern  granites  are  easily  distin- 
guished by  their  character  from  those  of  the  adjacent  Carpathian  chain,  the  frag- 
ments of  which,  like  those  of  many  other  mountains,  never  advance  more  than  a 
few  miles  beyond  its  flanks.  In  the  valley  of  the  Oder  also,  the  same  northern 
materials,  quite  distinct  from  those  of  the  flanking  Silesian  mountains,  are  found 

>  This  .pot  U  in  the  government  of  Kurak. 
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in  great  abundance  at  Gleinitz',  where  they  are  extended  from  the  chief  boulder 
country  north  of  Breslau,  in  a  long  trainee  between  the  chain  of  Siles  iancrystalline 
rocks  on  the  west  and  the  hilly  districts  of  Poland  on  the  east  .  On  inspecting  the 
Map,  the  reader  will  perceive,  that  a  considerable  portion  of  southern  Poland,  par- 
ticularly all  that  tract  of  palaeozoic  rocks  of  which  Kielcc  is  the  centre,  is  thus 
peninsulated,  like  the  dome  of  Orel  in  Russia,  between  two  advanced  lines  of 
boulders,  none  of  which  have  been  distributed  in  the  intervening  higher  space*. 

Now,  if,  as  we  believe,  it  is  impossible  to  imagine,  that  the  detritus  in  question 
should  have  been  carried  across  the  Baltic  Sea,  and  from  the  level  of  that  sea  several 
hundred  miles  up  these  streams,  under  any  conceivable  terrestrial  conditions,  it 
follows  from  this  consideration  alone,  that  all  theories  to  account  for  the  movement 
of  such  bodies  over  the  dry  surface  of  the  earth  are  inadmissible.  The  hypothesis  of 
glaciers  advancing  up-hill  for  the  distance  of  700  or  600  miles  involve  in  fact 
a  physical  absurdity. 

But  if  the  spread  of  the  northern  detritus  have  no  reference  to  terrestrial  condi- 
tions, how  is  it,  an  opponent  may  say,  that  the  valleys  of  the  Don,  the  Vistula  and 
the  Oder  are  strewed  over  with  it.whilst  interjacent  eminences  are  excluded  f  We 
reply,  that  a  submerged  condition  of  Russia,  Poland  and  Prussia  at  the  period  of 
the  distribution  of  the  northern  blocks  being  granted,  there  is  no  difficulty  in  sup- 
posing, that  the  configuration  of  the  bottom  of  the  waters  was  to  a  great  extent 
the  same  as  that  of  the  present  continent.  In  fact,  we  can  scarcely  doubt  that  it 
must  have  been  so,  because  we  have  numberless  proofs  that  the  substrata  were 
heaved  up  without  any  great  ruptures,  and  must  have  been  raised  "  en  masse." 
We  therefore  conceive,  that  when  submerged,  the  valleys  of  the  Oder,  the  Vistula 
and  the  Don  were  marine  bays  or  fiords,  into  which  currents  flowed  from  the  north, 
and  that  the  higher  grounds,  devoid  of  blocks,  were  then  low  promontories,  ex- 
tending from  the  main  land  on  the  south,  or  isles  adjacent  to  it.  If,  indeed,  the 
larger  blocks  were  for  the  most  part  transported  upon  floating  icebergs,  we  can 

•  At  Gleinitz,  and  between  that  town  and  Oppeln,  the  rounded  boulders  are  not  so  abundant  in  the  low 
parts  of  the  valley  of  the  Oder  as  on  hillocks  of  sand  and  gravel.  The  red  porphyries  of  Sweden  arc 
there  intermixed  with  northern  granite,  gneiss  and  greenstone. 

•  In  a  report  to  the  Academy  of  Sciences  of  Paris  (January  1842)  on  a  memoir  of  M.  Durocher.  M. 
Elie  de  Beaumont  has  noticed  certain  relations  between  the  distribution  of  the  erratic  blocks,  and  the 
forms  of  the  countries  which  they  have  invaded.  We  take  this  opportunity  of  specially  rveumracntiing  tu 
the  notice  of  our  renders  that  report,  in  which  M.  Elie  dc  Beaumont  has  thrown  together,  with  grent 
ability,  a  number  of  facts  relating  to  the  erratic  ph*oomcna  of  northern  Europe. 
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readily  explain  why,  when  melted,  the  contents  of  such  masses  should  have  been 
carried  much  further  southward  by  currents  into  north  and  south  bays,  and  why 
the  interjacent  banks  should  be  void  of  similar  sea-borne  spoil. 

We  were,  indeed,  peculiarly  interested  in  tracing  this  northern  detritus  up  such 
ancient  bays,  to  the  very  edge  of  the  Carpathians  and  Riesen-Gebirge,  which 
mountains  must,  from  their  constitution  and  elevation,  have  formed  the  northern 
masses  of  a  southern  continent,  when  the  ancient  sea  covered  the  low  regions  of 
Prussia,  Poland  and  Germany. 

We  have  spoken  of  this  detritus  as  northern,  because  the  blocks  to  which  we 
previously  referred,  have,  in  a  general  sense,  been  transported  from  the  Scandina- 
vian mountains  to  the  south.  A  more  extended  examination  of  the  whole  pheno- 
menon compels  us  to  view  it  in  a  broader  and  different  light.  On  the  east  shores 
of  England,  particularly  on  that  of  Yorkshire,  Norwegian  detritus  is  by  no  means 
uncommon,  and  it  is  there  mingled  with  some  of  the  rocky  masses  which  have 
been  shed  off  from  local  centres  of  eruption  in  the  British  Isles  upon  the  west.  In 
Denmark  the  blocks  have  been  derived  from  north  and  by  east.  In  most  parts  of 
Prussia  they  can  be  traced  to  due  northerly  sources.  We  no  sooner,  however, 
arrive  opposite  the  coasts  of  Finnish  Lapland,  where  the  granitic  and  crystalline 
boundary  sweeps  round  to  north-east,  than  we  find  the  direction  of  the  blocks 
changing  accordingly.  The  very  peculiar  rocks  of  Solamenski-kamen,  for  example, 
near  Nijni  Novogorod,  have  been  shown  to  proceed  from  north-west  to  south-east, 
whilst  at  Ust-Sisolsk  in  the  government  of  Vologda,  the  Scandinavian  boulders 
have  had,  as  nearly  as  possible,  an  eastern  course. 

In  no  instance  do  the  Scandinavian  blocks  advance  near  to  the  Ural  chain,  a 
fact  which  we  have  endeavoured  to  account  for  by  supposing,  that  large  adjacent 
tracts  upon  the  west,  as  well  as  the  mountains  themselves,  were  above  the  waters 
during  the  erratic  period.  We  have,  indeed,  fully  explained,  that  those  mountains 
and  both  their  flanks  are  void  of  all  boulders  and  far-borne  detritus.  Though  ex- 
hibiting proofs  of  intense  dislocation,  the  Ural  is,  therefore,  a  perfect  contrast  in 
this  respect  to  the  Scandinavian  chain.  According  to  our  hypothesis  of  floating 
icebergs,  the  derivation  of  the  blocks  in  the  one  case,  and  their  total  absence  in 
the  other,  arc  perfectly  in  accordance  with  natural  history  conditions.  For  as  in 
Norway  and  Sweden  glaciers  now  exist,  so  may  they  formerly  have  existed.  On 
the  other  hand,  as  there  is  no  glacier  in  the  Ural,  even  up  to  70"  N.  lat.,  so  ac- 
cording to  the  rules  of  the  glacialist  there  never  can  have  been  one,  since  there  arc 
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no  moraines,  nor  any  striated  and  polished  rocks  in  the  whole  region — effects,  as 
they  would  say,  necessarily  absent  where  no  glaciers  have  passed,  or  as  we  should 
say,  where  neither  boulders  nor  gravel  have  been  carried  over  the  surface,  by 
water  or  in  floating  icebergs.  All  the  north-eastern  region  of  Russia  in  Europe 
included  between  the  Tiraan  range  and  the  Ural  is  also,  as  before  said,  void  of  the 
erratics  from  Scandinavia,  but  as  you  approach  that  crystalline  centre  the  blocks 
are  again  found,  having  been  extended  from  it  to  the  east. 

Lastly,  the  young  and  adventurous  M.  Bohtlingk  completed,  in  his  short  life, 
the  proofs  on  this  point,  by  satisfactorily  establishing,  that  the  erratic  Scandinavian 
blocks  had  also  been  shed  off  from  the  coast  of  Kemi  into  the  bay  of  Onega,  and 
from  Russian  Lapland  into  the  Icy  Sea,  both  in  northerly,  north-westerly  and 
north-easterly  directions;  and  thus  nearly  the  whole  periphery  of  their  origin 
having  been  surveyed,  we  know,  that  by  whatever  cause  determined,  the  Scandi- 
navian blocks  were  on  the  whole,  transported  to  their  present  positions  by  great 
excentric  movements.  What,  then,  was  the  nature  of  these  movements  ?  If,  for 
the  reasons  already  assigned  and  others  on  which  we  shall  hereafter  dwell,  terres- 
trial glaciers  he  considered  agents  which  can  never  explain  such  phenomena,  there 
are,  it  appears  to  us,  only  two  methods  of  accounting  for  such  far-borne  detritus. 
One  of  these  is  the  action  of  drift,  by  which  fragments  of  mountain  chains,  dis- 
severed from  their  parent  masses  at  periods  of  disturbance  and  oscillation,  have 
been  transported  to  great  distances  by  powerful  currents  of  water ;  the  other, 
the  floating  away  of  ice  islands  from  the  edges  of  chains,  formerly  encompassed  by 
sea-advancing  glaciers,  which  isles,  after  sailing  in  certain  directions,  have  dropped 
their  loads  on  the  bottom  of  the  sea ;  that  sea  bottom  on  which  the  blocks  are 
distributed  having  been  since  raised  into  the  dry  land.  Let  us  consider  these  two 
operations  in  reference  to  the  facts  with  which  we  are  acquainted,  and  see  how  far 
each  can  be  made  to  explain  the  several  conditions  under  which  we  find  the  far- 
transported  detritus. 

And  first  as  to  icebergs.  The  examination  of  the  boulders  of  the  north  has 
led  us  to  adhere  to  the  belief,  which  we  have  long  entertained,  that  there,  as  in 
central  England,  the  largest  blocks  were  transported  to  their  present  positions  in 
ice-floes  which  broke  loose  from  former  glaciers.  We,  therefore,  think,  that  ice 
and  snow  may,  at  one  time,  have  covered  large  parts  of  Scandinavia  and  Lapland  ; 
that  glaciers  advanced  from  thence  to  the  edges  of  the  sea  of  the  post-pliocene  or 
block  period,  and  that  finally  upon  an  alteratiou  of  climate,  probably  occasioned  by 


FORMER  CONDITIONS  OF  THE  SURFACE.  529 

sudden  successive  changes  in  the  relations  of  land  and  water,  these  glaciers  were 
broken  up,  and  fragments  of  them,  constituting  isles  with  included  blocks,  were 
transported  during  long  periods  to  the  south.  As  it  is  demonstrable,  that  the  whole 
region  has  undergone  great  variation  of  relative  level  subsequent  to  this  dispersion 
of  the  blocks,  by  the  conversion  of  the  ancient  bed  of  the  sea  into  a  continent,  so 
are  we  disposed  to  think,  that  this  change  was  caused  by  general  expansive  forces 
from  beneath,  which,  unable  to  obtain  a  vent  through  any  fissures,  in  the  uniform 
crust  of  sediment  which  is  spread  over  this  undisturbed  region,  raised  up  en  masse 
the  strata  by  which  they  were  repressed. 

Under  the  belief  that  the  sea  covered  all  these  flat  regions  when  the  detritus  was 
dispersed,  it  is  not  difficult  to  explain,  why  the  larger  blocks  are  more  frequently 
found  associated  with  clay  than  sand.  Icebergs  such  as  now  float  in  the  Antarctic 
and  Pacific  Seas,  and  to  which  we  have  elsewhere  referred1,  must  we  conceive  have 
offered  rough,  jagged  and  unequal  bottoms,  which  impinging  on  submarine  undu- 
lations of  mud  or  clay,  would  naturally  be  thereby  arrested  and  often  held  in  oscil- 
lation until  the  glacial  masses  dissolved  and  deposited  their  loads ;  but  the  loose 
and  incoherent  sands,  often  arranged  over  widely-extended  flat  "surfaces,  would  op- 
pose comparatively  no  such  obstacles,  and  the  hard,  icy  mass  easily  forcing  onwards 
would  proceed  until  its  bottom  impinged  upon  a  bank.  We  shall  presently  ad- 
vert to  Swedish  examples  which,  illustrating  this  process,  serve  to  explain,  why 
the  greater  number  of  the  large  boulders  are  found  in  groups  on  the  summits  and 
slopes  of  hills.  In  the  meantime,  if  6uch  were  the  ancient  conditions  under  which 
the  boulders  were  deposited  over  the  plains  of  Russia  and  Northern  Germany,  it  is 
clear  that  we  cannot  deny  the  application  of  this  aqueous  portion  of  the  glacial 
theory  to  those  tracts  We  will  not  here  recapitulate  our  general  reasoning  for  the 
adoption  of  such  views,  which  we  formerly  applied  to  Scotland  ;  not  from  any  study 
of  Alpine  phenomena,  but  from  the  facts  then  before  us,  and  the  perusal  of  the 
persuasive  writings  of  Mr.  C.  Darwin.  We  then  thought,  that  under  certain  changes 
of  sea  and  land,  as  pointed  out  by  him,  ice  might  have  been  formed  on  the  shores 
of  former  islands  which  now  appear  as  the  mountains  of  Scotland  and  Cumberland. 
Though  we  now  see  reasons  to  limit  and  modify  this  view  in  reference  to  those 

1  See  Silurian  System,  p.  541,  el  ante,  in  which  tome  of  the  icebergs  of  the  Pacific  are  described  m 
being  300  feet  above  the  sea,  and  as  having  a  depth  of  near  2000  feet  below  its  surface.  The  practical 
application  of  this  phenomenon  in  illustrating  the  condition  of  certain  Swedish  phenomena  will  be  given 
towards  the  close  of  this  chapter. 
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countries  (of  which  hereafter),  we  think  that  its  application  to  Scandinavia,  Lap- 
land and  the  northernmost  limits  of  Russia  proper,  will  to  a  great  extent  solve  our 
problem.  Before  this  chapter  is  concluded  we  will  go  a  step  further,  and  looking 
back  to  the  region  itself,  which  may  be  supposed  to  have  been  glacial,  because  it  is 
the  seat  of  the  origin  of  the  transported  blocks,  we  shall  see  how  far  the  phaenomena 
which  it  presents  accord  with  our  views. 

In  Russia  our  time  only  permitted  us  to  examine  personally  the  southern  edges 
of  the  rocky  or  northern  region  from  whence  all  the  detritus  has  travelled  ;  but  wc 
there  actually  saw  in  the  government  of  Olonetz  examples  of  the  polished  surfaces 
of  hard  rocks  accompanied  by  many  parallel  scratches,  all  of  which,  as  wc  before 
said,  proceeded  from  north-north-west  to  south- south-east.  These  polished  and 
scratched  surfaces  are  exactly  like  those  with  which  we  have  been  long  familiar  in 
parts  of  Scotland,  and  are,  as  it  will  be  shown,  common  to  all  regions  of  hard  rock 
over  which  drift  and  blocks  have  moved. 

The  direction  of  the  scratches  on  the  rocks  in  the  environs  of  Petrozavodsk  is  pre- 
cisely coincident  with  the  major  axis  of  the  Great  Lake  (almost  a  freshwater  sea), 
and  of  all  the  minor  parallel  lakes  of  this  region.  No  one  can  inspect  a  map  of 
this  tract  without  being  forcibly  struck  by  the  parallelisms  of  these  numerous  long 
and  narrow  lakes,  the  longer  axes  of  which,  like  those  of  Finland,  are  all  directed 
from  north-north-east  to  south-south-west,  or  in  the  same  line  as  the  drift.  Seeing 
that  these  lakes,  in  the  region  to  which  we  now  allude,  are  flanked  by  long  parallel 
ridges  of  plutonic  rocks,  we  are  disposed  to  think,  that  the  cavities  now  occupied 
by  water  may  have  resulted  from  ancient  cracks  cr  fissures.  During  six  months  of 
the  year  they  are  still  covered  with  ice,  to  some  of  the  operations  of  which  we 
shall  advert  in  the  next  chapter. 

And  here  we  beg  to  be  excused,  for  again  showing  the  utter  inapplicability  of  the 
subtend  glacial  theory  to  the  Russian  phenomena.  An  essential  condition  in  that 
theory,  as  modified  by  Professor  James  Forbes,  is  the  existence  of  high  mountains 
from  the  edges  of  which  glaciers  may  have  gravitated  into  contiguous  lower  grounds ; 
for  no  modern  (/lacier  has  been  formed  without  such  conditions.  Even  at  Spitzbergen 
and  in  the  highest  latitudes,  the  French  naturalist  M.  Martens  has  observed,  that 
the  formation  of  a  glacier  is  invariably  dependent  on  the  inclination  and  form 
of  the  ground,  the  valleys  of  great  width  and  with  open  sides  being  necessarily  void 
of  them ;  for  in  such  situations  the  accumulated  snow  never  consolidates  into  a 
glacier.    Now  in  the  region  near  the  lake  Onega  there  are  no  mountains  either 
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contiguous  or  distant !  Elevations  of  400  and  500  feet  in  height  above  the  adja- 
cent lakes,  are  indeed  as  prevalent  to  the  south  and  east  as  they  are  to  the  north- 
west of  the  spots  so  scratched,  and  hence  we  are  unable  to  imagine  any  process  by 
which  glaciers  could  have  advanced,  and  always  precisely  in  the  same  direction  as 
all  the  great  fissures  of  the  country,  and  the  far-transported  blocks'. 

The  same  objections  to  the  scratches  and  polishing  by  the  action  of  glaciers,  as 
those  which  have  been  mentioned  in  the  case  of  the  Lake  Onega,  may  be  urged  in 
relation  to  very  large  countries  in  Scandinavia  (also  striated  and  polished) ;  viz. 
the  absence  of  mountains  whence  glaciers  can  have  moved  forward.  In  no  district, 
perhaps,  is  this  objection  more  apparent  than  on  the  eastern  shores  of  the  Bothnian 
Gulf,  where  the  scratches  and  drift  both  proceed  in  a  south-easterly  direction.  If 
these  marks  were  caused  by  the  movement  of  glaciers,  advancing  from  the  north- 
west, they  must  have  proceeded  from  the  opposite  coast  of  Sweden,  where  there 
are  no  high  grounds.  Again,  the  great  arm  of  the  Baltic  Sea  (the  Bothnian  Gulf) 
intervenes*,  and  hence  if  a  subaerial  condition  of  things  be  imagined,  this  sea 
must  then  have  been  one  permanent  mass  of  ice,  or  a  valley  filled  with  glacial 
detritus  through  which  the  glaciers  advanced  from  Sweden,  before  they  imprinted 
their  first  scratches  on  the  opposite  shores  of  Finland.  Such  an  inference  would 
be,  it  is  true,  in  one  respect  analogous  to  that  part  of  the  Alpine  glacial  theory  by 
which  M.  Agaasiz  supposes,  that  not  only  the  lake  of  Geneva  but  all  the  deep 
chasms  between  the  Alps  and  the  Jura  (a  deptli  of  many  thousand  feet)  were  for- 
merly filled  up  with  solid  ice.  But  even  if  we  admit  the  much  greater  increment 
of  ice,  magnify  the  lake  of  Geneva  into  the  Baltic,  and  abandon  ourselves,  for 
argument  sake,  to  the  Alpine  hypothesis,  how  are  we  to  explain  the  passage  of 
the  blocks,  not  over  the  Baltic,  but  up  into  the  hilly  tracts  of  Finland,  with 
anything  like  the  present  levels?    Then,  again,  how  imagine  the  advance  of 

1  M.  Bohtlingk  did  not  merely  show,  that  the  blocks  are  transported  excentrically  from  Scandinavia 
and  Lapland,  but  also  that  the  rocks  are  invariably  worn  down  and  striated  on  the  side  from  whence  the 
drift  has  passed.  See  the  arrows  in  the  Map.  PI.  VI.,  which  rudely  indicate  such  directions  and  phano- 
inem»  around  the  nucleus  of  those  northern  countries. 

«  Where  we  examined  them,  in  the  environs  of  Abo.  as  well  as  in  the  Isles  of  Aland,  the  rocks  are  all 
worn  down  on  their  north-north-western  faces,  and  the  stria:  proceed  from  north-north-west  to  south- 
south-east.  \Vc  therefore  believe  that  the  chief  masses  of  granite  in  Courland  have  been  derived  from 
the  Aland  Isles.  But  even  if  this  be  so.  the  argument  is  just  the  same :  indeed  the  case  is  more  diffi- 
cult, if  we  are  to  imagine  that  glaciers  advanced  over  the  frozen  Baltic  from  the  Aland  Isle*  to  Mitau.  the 
distance  being  much  greater ! 
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glaciers  having  fronts  of  such  cast  dimensions?  How,  again,  could  they  have  pro- 
duced throughout  their  course,  oter  undulating  countries,  the  same  persistent 
scratches?  How,  in  a  word,  could  they  have  moved  up-hill  throughout  such  vast 
spaces  ?  Does  not  the  direction  of  every  modern  glacier,  even  those  which  ad- 
vance to  the  sea,  differ  with  the  form  of  the  background  and  of  the  ridges  which 
encase  it  ?  And  if  so,  how  is  it  conceivable  that  the  stria;  in  this  part  of  the  world 
should  have  been  made  hy  glaciers  properly  so  called  ?  So  much  therefore  for  the 
glacial  terrestrial  theory  as  inapplicable  to  the  low  regions  of  hard  Scandinavian 
rocks. 

To  the  hypothesis,  which  supposes,  that  all  these  phenomena  may  have  been 
produced  by  water,  it  is  objected,  that  nowhere  in  existing  nature  has  a  "  vera 
causa  "  been  found  to  support  it.  The  advance  of  ice,  say  they  who  oppose  the 
action  of  water,  must  have  produced  such  scratches  and  polishings,  because  we  see 
that  modern  glaciers  produce  like  effects,  whilst  water,  they  add,  never  could  with 
any  materials  which  it  hurled  down,  have  left  such  parallel  and  decisive  marks  of 
its  passage  in  one  direction.  In  support  of  this  view  they  appeal  to  the  beds  of 
mountain  torrents  and  rivers  which  have  been  recently  acted  on  by  water  and 
pebbles,  and  not  finding  any  parallel  scratchings  under  such  conditions,  they  reject 
the  use  of  water  as  a  power  which  could  have  produced  such  results.  Now  before 
we  can  arrive  at  just  atid  rational  general  conclusions,  a  greater  number  of  data 
must  be  got  together,  than  those  which  have  yet  been  collected.  It  is  idle  to  in- 
tcrrogate  beds  of  torrents  and  rivers,  where  succeeding  droughts  and  frosts  destroy 
the  ephemeral  marks  made  by  the  water  of  the  previous  season.  There  can  be 
scarcely  any  analogy  between  such  cases  and  the  effects  which  we  imagine  to  have 
been  produced  by  drift,  which  streaming  down  from  the  opposite  sides  of  chains 
in  the  process  of  elevation,  is  supposed  so  to  have  ground  down  and  furrowed  with 
deep  scratches  the  subjacent  rocks.  Have  we  yet  experimented  in  any  way  on 
hard  surfaces  under  such  conditions?  and  if  not,  ought  we  to  reject  all  the 
inferences  which  they  involve?  If  it  be  impossible  that  human  beings  should 
ever  be  placed  in  situations  to  observe  such  debacles  as  we  think  must  have 
occurred,  when  the  bottoms  of  seas  were  raised  into  dry  lands,  let  us,  at  all  events, 
institute  experiments  upon  a  small  scale,  which  if  well-conducted,  may  enable  us 
in  some  degree  to  form  correct  opinions.  But  may  we  not  considerably  extend 
our  belief  in  the  transporting  power  of  water,  now  that  the  ingenious  experiments 
of  Mr.  Scott  Russell  on  waves  of  translation,  and  the  mathematical  application  of 
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them  by  Mr.  Hopkins  to  geological  phenomena,  have  shown  that  elevations  of 
continental  masses  of  only  fifty  feet  each,  from  beneath  an  ocean  having  a  depth 
of  300  or  400  feet,  would  cause  the  most  powerful  divergent  waves,  which  could 
transport  large  boulders  to  great  distances1? 

Granting,  however,  that  water  has  exercised  all  the  influence  attributed  to  it 
by  these  philosophers,  the  existence  of  intervening  deep  valleys,  transverse  to  the 
direction  which  the  erratic  drift  has  taken,  and  the  subangular  state  of  many  of 
the  far-borne  blocks,  must  prevent  our  adoption  of  this  agency  only,  as  explaining 
all  the  conditions  of  the  problem.  Strengthened  by  having  ourselves  found  marine 
shells  associated  with  erratic  blocks,  we  have  previously  expressed  our  agreement 
with  Mr.  Lyell,  that  the  bottoms  of  icebergs  grating  upon  submarine  rocks  may 
occasionally  have  furrowed,  scratched,  and  polished  their  surfaces,  precisely  in  the 

'  "  In  describing  the  motion  of  such  muses  of  water,  Mr.  Hopkins  invokes  the  aid  of  those  waves  of 
translation  whose  properties  have  been  reduced  to  laws  by  the  ingenious  and  valuable  researches  of 
Mr.  Scott  Russell,  and  who.  giving  us  measures  of  their  relative  velocity  and  power,  has  brought  forward 
exact  proofs  of  the  transference  by  them  of  solid  bodies  immersed  in  water.  Such  waves  have  in  fact  been 
generated  by  the  experiments  of  Mr.  Scott  Russell,  exactly  in  the  same  way  as  Mr.  Hopkins  supposes 
waves  to  have  originated  on  the  great  geological  scale.  These  experiments  prove,  that  a  sudden  eleva- 
tion of  a  solid  mass  from  beneath  the  water,  causes  a  corresponding  elevation  of  the  surface  of  the  fluid, 
which  infallibly  produces  a  wave  of  translation  of  the  first  order.  Now  this  wave  is  termed  one  of  trans- 
lation, because  it  is  found  not  to  rise  and  fall  like  common  waves,  but  wholly  to  rise  and  maintain  itself 
above  the  level  of  the  water.  Arguing  that  this  wave  is  propagated  with  a  velocity  which  varies  with 
the  square  root  of  the  depth  of  the  ocean,  Mr.  Russell  determines  the  velocity  of  wave  transmission  ;  but 
what  is  of  most  importance  to  the  geologist  is,  that  the  old  idea  of  the  agitation  ond  power  of  waves  ex- 
tending a  little  way  down  only  in  the  sea,  is  found  to  be  not  true  as  touching  waves  of  translation  ;  for 
Mr.  Scott  Russell  has  ascertained  that  when  they  are  in  action,  the  motion  of  the  particles  of  the  water 
is  nearly  as  great  at  the  bottom  as  at  the  top.  He  further  shows,  that  the  body  moved  at  the  bottom,  is 
not  rolled  backwards  and  forwards  as  by  a  common  surface-wave,  hut  has  a  continuous  forward  motion 
during  the  whole  transit  of  the  wave's  length.  A  complete  transposition  does  therefore  result  from  the 
wave  transit  |  and  the  wave  of  translation,  says  Mr.  Scott  Russell,  may  be  regarded  as  a  mechanical 
agent  for  the  transmission  of  power  as  complete  and  perfect  as  the  lever  or  the  inclined  plane. 

"  Arguing  from  these  remarkable  data,  and  applying  them  to  our  geological  phenomena,  Mr.  Hopkins 
states,  that  currents  of  twenty-five  and  thirty  miles  an  hour  may  be  easily  accounted  for,  if  repetitions  of 
elevations  of  from  1  GO  to  200  feet  be  granted ,  and  with  motive  powers  producing  a  repetition  of  such 
waves,  this  author  has  no  difficulty  in  transporting  to  great  distances,  masses  of  rock  of  larger  dimen- 
sions than  any  boulders  in  the  North  of  England."  Sec  Mr.  Murchison's  Anniversary  Address  to  the 
Geological  Society  (anno  1843),  Proc.  GcoL  Soc.  vol.  iv.  p.  9.  Mr.  Scott  Russell's  views  were  first  ex- 
plained to  the  Meeting  of  the  British  Association  for  the  Advancement  of  Science  in  1843,  and  are  now 
public  ^ 
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same  way  as  glaciers  act  on  the  solid  rocks  over  which  they  are  propelled1.  But 
such  a  cause,  however  it  may  have  acted  partially,  is  totally  inadequate  to  explain 
the  general  striation  of  the  Scandinavian  continent.  Again,  though  great  waves  of 
translation,  moving  in  determinate  directions  dependent  on  oscillations  of  the  land, 
may  account  for  the  transport  of  rolled  debris  to  given  points,  they  cannot  be  alone 
appealed  to,  as  having  produced  the  symmetrical  aud  parallel  stria?  on  the  surface 
of  the  rocks.  An  examination,  however,  of  the  former  condition  of  the  accumu- 
lations which  have  been  so  transported,  or  in  other  words,  of  the  nature  of  the 
bodies  which  have  scratched  the  rocks,  may  serve  to  clear  away  the  obscurity 
which  still  veils  this  subject. 

We  have  already  shown,  that  parallel  scratches  on  the  surface  of  polished  rocks 
exist  in  low  tracts  at  vast  distances  from  mountains,  and  at  the  same  time  have 
stated,  that  the  presence  of  high  mountains  behind  a  glacier  is  indispensable  both 
to  the  former  presence  of  such  a  body,  and  according  to  experiment  and  demon- 
stration, to  the  possibility  of  its  movement.  Geologists  must,  therefore,  satisfy 
themselves  if  there  be  no  other  mode  of  accounting  for  such  polishing  and  scratch- 
ing, besides  the  incumbent  pressure  of  moving  masses  of  ice.  We  in  no  way 
contend  against  the  value  of  the  explanation  of  the  action  of  glaciers  in  Alpine 
regions;  nay,  we  perfectly  subscribe  to  it,  and  thank  its  able  expounders  for 
having  afforded  us  so  good  an  analog)'.  We  would  even  make  use  of  the  theory 
to  enable  us  better  to  comprehend,  how  certain  masses  which  still  cover  the  earth 
and  arc  present  to  our  eyes,  in  regions  where  glaciers  never  can  have  existed,  may 
have  yet  produced  the  same  results.  Let  us  explain  our  meaning.  In  very  nu- 
merous countries,  whether  in  low  situations,  or  in  those  parallels  of  latitude  where 
no  permanent  ice  has  been  known  within  the  historic  period,  scratched  and  polished 
rocks  have  been  observed.  Now  in  all,  or  nearly  all  such  tracts,  we  are  also  aware 
of  the  prevalence  of  greater  or  smaller  quantities  of  drifted  detritus.  If  the  tract 
be  rocky  and  broken  up  by  dislocations,  this  drift  has  passed  over  the  shoulders  of 
the  hills  and  through  the  gorges,  frequently  lodging  itself  in  part  upon  them,  but 
generally  having  been  carried  into  the  adjacent  depressions.  Captivated  by  the 
glacial  theory,  which  shows  that  moraines  are  the  residue  of  glaciers,  some  gcolo- 

1  Principle*  of  Geology,  vol.  i.  p.  263,  fourth  edition.  Sec  also  Mr.  Murchison's  Anniversary  Addresses 
to  the  Geological  Society  of  London.  Proc.  Geol.  Soc  vol.  iii.  p.  686  rt  *ry.  and  vol.  iv.  p.  90.  in  which 
a  great  many  points  in  the  theories  of  drift  and  glaciers  are  discussed,  and  where  it  i*  shown  that  Mr.  P. 
Pobson.  of  the  United  States,  was  the  first  person  who  suggested  this  idea. 
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gists  hastily  concluded,  that  all  accumulations  of  like  external  form,  in  the  neigh- 
bourhood of  which,  scored  and  polished  surfaces  of  hard  rocks  appear,  are  true 
glacial  moraines.  We  utterly  deny  this  inference,  which  would  even  compel  us  to 
believe  in  the  former  existence  of  glaciers  in  a  greater  number  of  low  than  loftv 
positions.  We  think,  that  with  no  other  agents  than  those  which  are  still  exhibited 
as  geological  signs,  many  of  the  appearances  which  have  been  recently  referred  to 
glacial  action  may  be  satisfactorily  accounted  for. 

In  regard  to  the  theory  which  explains  the  advance  of  glaciers,  it  may  be  said, 
that  all  the  authors  who  have  written  on  that  subject,  refer  the  scratching  and 
polishing  process  to  the  same  cause — the  great  incumbent  weight  of  a  mass,  which 
moving  in  a  given  and  determinate  direction,  and  passing  over  all  minor  obstacles, 
has  produced  that  result  by  the  moist  sand  and  gravel  at  its  base.  Now,  in  our 
opinion,  the  great  heaps  of  drift  (whether  derived  from  distant  or  adjacent  hills) 
must  at  one  period  of  their  movement  have  produced  similar  impressions  upon  the 
subjacent  rocks.  For  what  was  the  condition  of  the  drift  at  the  particular  periods 
of  translation  to  which  we  refer,  i.  e.  when  rocks  covered  with  gravel,  sand  and 
shingle,  were  raised  up  from  beneath  the  sea?  In  its  essential  properties  of  weight, 
solidity,  ductility,  and  materials  for  polishing  and  scoring  at  its  base,  a  mass  of 
moistened  drift,  one  or  two  hundred  feet  in  height,  and  a  mile  or  two  in  length, 
must  have  embodied  nearly  all  the  properties  of  a  glacier,  the  nature  of  the  move- 
ment and  the  actual  state  of  such  mass  of  detritus  being  properly  understood. 

Polished  and  scored  surfaces  of  rock  were,  indeed,  well  known  before  the  glacial 
theory  came  into  fashion.  They  were  long  ago  pointed  out  by  Sir  James  Hall, 
Dr.  Buckland  and  other  observers,  who  then  supposed  that  the  striae  were  due  to 
the  rush  of  torrents  in  given  directions,  hurling  with  them  stones  and  gravel.  The 
objection  to  this  explanation  is,  as  before  said,  that  the  ordinary  torrential  action 
of  water  is  too  irregular  to  have  produced  a  general  parallelism  of  striae.  But  in 
bringing  to  the  mind's  eye,  as  we  here  attempt  to  do,  the  manner  in  which  masses 
of  moist  and  pliant  detritus  were  shouldered  off  the  sides  of  mountains  and  hills 
or  forced  through  gorges,  we  must  recollect  that,  in  the  cases  to  which  we  appeal, 
we  have  to  treat  of  materials  which,  previously  under  the  sea,  were  subsequently  and 
often  violently  thrown  off  into  depressions  upon  the  elevation  of  the  bottom  of  that 
sea  or  the  lowering  of  an  adjacent  tract.  The  first  effect  of  such  a  process  would 
be  to  pour  off  large  waves  of  translation  with  many  loose  materials,  but  the  greater 
heaps  of  broken  matter  beneath  such  waves  being  comparatively  drained  by  the 

3  z  2 


536 


GREAT  MASSES  OF  DRIFT  HAVE  ACTED  LIKE  GLACIERS. 


first  rush  of  the  waters,  would  be  in  the  condition  of  moist  pliable  masses  of  great 
weight,  which,  in  every  situation  that  offered  sufficient  declivity,  would  be  forced 
either  by  the  influence  of  the  superincumbent  wave  or  by  their  own  momentum 
into  the  adjacent  depressions,  and  like  the  glaciers  of  the  Alps,  would  follow  the 
inclined  planes  or  main  courses  of  the  newly. formed  valleys. 

Who  that  has  studied  the  detritus  of  mountain  chains  will  not  admit,  that  in 
cubic  measure  and  in  weight  the  masses  which  now  encumber  certain  narrow 
valleys,  wherever  their  extension  into  the  plains  has  been  checked  by  local  ob- 
stacles, are  not  as  massive  and  as  thick  as  the  highest  moraine  ever  left  by  a 
glacier  ? 

And  if  so,  will  any  one  deny,  that  such  moving  masses  of  gravel,  sand  and  blocks, 
so  piled  up  as  to  have  the  full  weight  of  the  largest  glacier,  may  not  have  produced 
the  same  mechanical  results  upon  their  under  surface  ?  If  the  geologist  asserts  his 
belief,  that  such  was  the  condition  of  things,  and  also  shows  that  such  heaps  have 
very  frequently  fine  sand  and  gravel  at  their  lower  extremities,  will  not  the  me- 
chanic support  him  in  his  opinion,  that  not  only  the  subjacent  rocks  over  which 
these  heavy  plastic  masses  of  detritus  travelled,  but  also  the  sides  of  the  valleys 
against  which  when  confined  they  pressed,  may  have  been  grooved  and  scored  by 
them  as  well  as  by  a  glacier?  The  glacier,  it  is  true,  travels  slowly,  whilst  under 
our  hypothesis,  the  moistened  drift  must  have  moved  more  rapidly.  But  might 
not  the  same  effects  follow  ?  Will  not  a  heavy  incumbent  mass  scratch  and  polish 
by  rapid  as  well  as  by  slow  action '? 

Let  this  view  be  objected  to :  still  it  is  clear  that  no  geologist  can  venture  to 
appeal  to  subaerial  pliEenomena  in  reference  to  any  of  those  numerous  tracts,  the 
coarse  detrital  accumulations  of  which  were  formed  under  the  sea  and  are  often 
associated  with  marine  shells.  If  we,  then,  collate  the  whole  of  the  elements  of 
the  problem  of  superficial  detritus,  including  the  scoring  and  polishing  of  rocks 
and  the  transport  to  distant  places  of  huge  blocks,  and  find  that  in  a  great 
multitude  of  cases,  a  prior  submarine  condition  of  things  and  subsequent  eleva- 
tions of  mountains,  or  depressions  of  adjacent  basins  are  essential  postulates,  we  at 
once  confiue  the  application  of  glaciers  to  limited  centres  of  action.  Freeing 
ourselves  from  hasty  generalizations  drawn  from  a  few  isolated  data,  we  appeal  also 
to  other  "  verse  causae "  which  are  still  before  our  eyes,  and  which  were  set  in 
movement  when  the  surface  of  the  planet  underwent  great  mutations,  and  when 
the  desiccation  of  vast  oceanic  regions  was  accomplished  by  elevation  from  beneath. 
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Whilst,  however,  we  think  that  large  portions  of  superficial  drift  have  so  acted  as 
to  produce  precisely  the  same  effects  as  glaciers,  both  upon  the  subjacent  and  late- 
rally adjacent  rocks  over  which  they  travelled,  we  would  carefully  avoid  falling  into 
the  error  of  some  persons,  who,  advocating  the  general  icy  theory,  have  endeavoured 
to  bring  all  the  detrital  phenomena  into  one  category.    We  think,  that  wherever 
from  the  latitude  of  the  mountains  and  their  altitude,  glaciers  may  naturally  have 
existed,  the  glacialists  are  there  fully  entitled  to  apply  those  doctrines  which  they 
have  been  taught  by  a  study  of  the  Alps.    Thus  in  reference  to  the  coldest  and 
highest  regions  of  Scandinavia  and  Lapland,  we  can  see  no  sort  of  objection  to 
their  once  having  been  the  seat  of  glaciers,  whose  feet  extended  to  the  lower  sur- 
rounding regions,  then  covered  by  the  sea.    It  is,  therefore,  quite  consistent  with 
modern  observations,  that  masses  of  ice  detached  from  time  to  time  in  the  form  of 
floating  icebergs,  should  have  carried  their  loads,  in  the  manner  observed  by  many 
navigators,  to  great  distances  before  they  dropped  them.    In  a  word,  the  blocks  of 
the  plains  of  Prussia  and  Russia  with  reference  to  Scandinavia  are,  we  contend, 
precisely  analogous  to  the  coarse  detrital  matter  observed  by  Capt.  Sir  James  Ross, 
and  which  floating  northwards  in  icebergs  from  the  Antarctic  pole,  has  actually  been 
strewed  over  the  bottom  of  those  seas  at  the  distance  of  hundreds  of  miles  from  the 
source  of  its  origin.  An  elevation  of  the  bottom  of  that  ocean  would,  in  truth,  offer 
to  us  an  Antarctic  Russia  and  Poland.    The  direction  in  which  the  Scandinavian 
boulders  have  been  transported,  is  to  us  a  distinct  proof,  that  their  propulsion  was 
due  to  the  upheaval  of  a  chain  which  in  its  elevation  must  have  forced  off  excentric 
currents  that  carried  with  them  or  drifted  the  broken  materials  on  its  flanks,  often 
lodging  them  in  the  form  of  long  "  osars,"  or  by  impelling  forwards  ice-floes  con- 
taining other  blocks  in  such  currents.    In  this  operation  there  must  necessarily 
have  been  a  combination  of  the  agencies  of  ice  with  powerful  currents  of  water  and 
half-frozen  detritus,  and  we  can  very  readUy  believe,  how  such  masses  grating  over 
the  slopes  of  the  northern  crystalline  rocks,  then  forming  the  bottom  of  the  sea  ad- 
jacent to  the  elevated  chain,  may  have  occasionally  produced  marks  of  abrasion, 
scoring  and  polish  like  those  to  which  we  have  alluded.  By  such  operations  we  may 
figure  to  ourselves  how  some  of  the  low  and  hard  rocks  on  the  southern  shores  of 
Finland,  Sweden  and  Russian  Lapland,  were  scored  and  abraded— always,  however, 
in  the  dominant  direction  of  the  great  current ;  and  whilst  the  very  distantly  trans- 
ported blocks  were  carried  to  their  present  habitats  by  floats  of  ice,  we  can  also 
suppose,  how  a  large  proportion  of  the  mud,  sand  and  gravel  was  the  residue  of  great 
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streams  diverging  from  the  elevated  chain  and  distributing  these  materials  in  the 
trainees  which  have  been  described.  The  next  process  which  followed  in  Russia 
and  Prussia  was  the  desiccation  of  the  submarine  low  tracts  by  their  final  elevation 
from  beneath  the  sea.  Now  if  this  upheaval  had  been  violent,  like  that  of  the 
strata  in  many  parts  of  the  British  Isles  and  in  other  parts  of  Europe,  where  beds 
containing  marine  shells  occur  at  very  different  altitudes'  within  very  limited  di- 
stances, and  the  subjacent  strata  are  dislocated,  contorted  and  sometimes  reversed, 
similar  results  would  have  followed,  and  the  drift  would  have  been  thrown  off  on 
the  flanks  of  each  protruded  band  of  rocks  and  deposited  on  its  sides  or  in  hollows, 
in  the  manner  we  have  alluded  to.  Such,  however,  was  not  the  mode  in  which 
those  vast  low  countries  of  the  north-east  were  raised  from  beneath  the  sea.  Their 
ascent  was  accomplished,  on  the  contrary,  without  any  violent  fractures  or  dismem- 
berments of  the  subjacent  rocks,  and  simply  by  an  equable  elevation  "en  masse"; 
and  hence  the  detrital  matter,  as  well  as  the  surface  of  the  subsoil  on  which  it  rests, 
are  necessarily,  we  believe,  presented  to  us  with  very  much  the  same  aspect  as 
when  they  lay  beneath  the  sea.  But  even  if  considerable  violence  had  been  used 
in  this  operation  (and  we  can  conceive  no  phenomenon  of  such  an  extent  without 
great  degradation) ,  still  from  its  very  nature,  the  subsoil  of  Russia,  void  as  it  is  of 
all  crystalline  character,  and  for  the  most  part  incoherent  and  soft,  can  never  have 
been  in  a  condition  to  exhibit  on  its  surface  any  of  those  striated  appearances 
which  in  lofty  and  alpine  regions  have  been  produced  by  the  friction  of  glaciers, 
and  which  in  the  low  and  gnarled  promontories  of  the  south  of  Ireland  and  Swe- 
den, as  well  as  in  many  parts  of  France,  Scotland  and  England,  to  some  of  which 
we  shall  presently  advert,  have,  as  we  think,  unquestionably  resulted  from  the 
friction  of  incumbent  masses  of  local  and  moistened  drift. 

We  must  here  meet  an  objection  which  may  be  made  to  our  views  of  a  sub- 
marine condition  of  the  surface  of  Russia  at  the  period  of  transport.  It  may  be 
said,  that  marine  remains  have  not  been  found  in  the  Russian  detritus.  We  not 
only,  however,  appeal  to  England,  where  such  sea-shells  and  distant  blocks  arc 
found  together,  but  also  to  Denmark,  where  the  drift,  full  of  large  northern 
boulders,  is,  in  fact,  a  portion  of  the  great  transported  masses  in  question,  and  has 
been  shown  by  Prof.  Forchhammcr,  Dr.  Beck  and  Mr.  Lyell  to  contain  quasi- 
modern  sea-shells  ;  and  we  have  ourselves  shown,  that  similar  shells  exist  beneath 
the  drift  in  the  north-eastern  extremity  of  Russia.    Knowing  how  long  a  period 

1  See  Silurian  Syatcm,  p.  534. 
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elapsed  before  such  shelly  marine  remains  were  discovered  in  the  central  counties 
of  England,  and  reminding  our  readers  that  Russia  has,  as  yet,  been  very  little  ex- 
amined, we  have  no  doubt  that  additional  similar  proofs  will  be  hereafter  obtained 
in  it.  But  even  should  such  be  more  extensively  discovered,  they  may,  after  all,  prove 
exceptions  to  the  general  rule,  and  we  found  this  opinion  upon  the  very  nature  of 
the  prominent  masses  of  the  detritus  and  our  idea  of  its  origin.  Those  portions  of  it 
which  were  formed  by  powerful  currents  dependent  on  upheavals  and  depressions 
cannot  be  expected  to  contain  sea  shells.  Still  less  could  the  glaciers  which  we  have 
supposed  to  exist  formerly  in  Scandinavia  have  contained  marine  exuviae,  for,  as 
in  the  Alps  and  similar  centres,  they  must  have  been  chiefly  charged  with  blocks, 
gravel,  mud  and  sand.  The  portions  of  masses  thus  originally  constituted  being 
floated  to  southern  tracts  and  melted,  would  cover  over  the  bottoms  of  seas  with 
thin,  irregularly  heaped-up  materials,  and  thus  can  we  explain  why  such  deposits, 
though  becoming  truly  submarine,  should  rarely,  if  ever  appear  in  conjunction  with 
sea  shells, — ice,  if  we  may  so  express  ourselves,  having  been  the  chief  agent  by 
which  a  suba&rial  impress  has  been  given  to  large  portions  of  the  bottom  of  the 


CHAPTER  XXI. 

DRIFT  AND  ERRATIC  BLOCKS  OF  SCANDINAVIA  (continued). — ABRA- 
SION AND  STRIATION  OF  ROCKS. 

Drtritus  of  Denmark  shows  the  long  continuance  of  submarine  conditions,  and  the  di- 
version of  Boulders  at  various  periods. — Striation,  and  its  excentric  direction  in 
Norway  as  well  as  in  North-eastern  Lapland,  prove  the  Northern  Scandinavian 
Mountains  to  have  been  the  Centre  whence  all  the  Detritus  radiated. — Powerful 
denudation  of  Sweden. — Its  southern  Promontories  and  the  Islands  in  the  Bothnian 
Gulf  worn  down  and  striated  on  their  Northern  Faces,  and  unaffected  on  their 
Southern  Sides. — These  results  referred  to  the  passage  of  the  Osar  Drift. — Illus- 
tration of  the  distinction  between  the  Osars,  as  formed  by  Aqueous  Action  only, 
and  the  great  Angular  Blochs  as  transported  by  Ice-floes. — The  Drift  in  Great 
Britain  and  Ireland  shown  to  have  equally  produced  the  Striation  and  Polish  of 
Rocks  as  in  Sweden.— Reference  to  the  Striated  Rocks  of  Greece;  and  supposed 
Elevation  of  adjacent  Sea-bottoms  applied  to  the  argument  derived  from  the  pre- 
sence of  Shells  of  Arctic  Characters. — Limits  of  the  ancient  terrestrial  Icy  Tract 
of  the  North. — Large  Eastern  and  Southern  Lands  above  the  Sea  and  inhabited  by 
Mammoths,  whilst  the  Countries  covered  by  foreign  Drift  were  beneath  it. 

Our  chief  observations  on  the  Russian  and  German  detritus,  6uch  as  they  were 
when  we  last  returned  from  those  countries,  as  well  as  our  theoretical  views  of  its 
production  being  stated,  we  now  proceed  to  offer  the  result  of  a  more  recent 
survey  of  Sweden  and  Norway,  which  strongly  corroborates  the  conclusions  at 
which  we  bad  previously  arrived.  Let  us  rirst,  however,  say  a  few  words  on  the 
zone  of  drift  which  has  been  lodged  upon  Denmark. 

The  enormous  quantities  of  broken,  loose  materials  which  have  been  poured  off 
into  the  German  Ocean  may  be  imagined,  from  the  relics  of  the  detrital  masses 
which  have  been  transported  to  the  cliffs  of  Norfolk  and  Yorkshire  in  England. 
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In  Denmark,  indeed,  whether  in  Holstein,  Seeland  or  Jutland,  the  fundamental 
rock  of  the  country,  or  chalk,  is  so  covered  with  foreign  materials,  that  in  his 
valuable  geological  map  of  that  region,  our  friend  Professor  Forchhammer  has 
chiefly  had  to  indicate  their  varied  nature.  In  his  description  of  these  detrital 
masses  he  has  shown,  that  though  formed  at  different  periods  they  are  all  charged 
with  northern  boulders.  The  earliest  of  these  are  beds,  which  he  considers  as 
closing  the  cretaceous  epoch  5  the  included  northern  fragments  (not,  however,  of 
great  size)  being  in  this  instance  associated  with  corallines.  The  next,  in  which 
boulders  of  considerable  size  occur,  contains  shells  of  the  sub-apennine  or  miocene 
age — shells  which  bespeak  a  Mediterranean  climate.  The  strata  of  these  periods 
are  here  and  there  much  dislocated,  a  phenomenon  which  will  not  appear  strange 
to  those  who  have  observed  the  highly  inclined  beds,  also  of  miocene  age,  and  charged 
with  large  boulders,  which  constitute  the  high  peaks  of  the  Superga  near  Turin. 
No  one  has  ever  contended  that  such  boulder  beds  of  the  north  of  Italy,  associated 
as  they  are  with  shells  of  a  former  Mediterranean  sea,  were  connected  with  glacial 
operations ;  and  as  little  can  it  be  argued,  that  their  analogues  in  the  north  should 
have  been  so  formed ;  any  sort  of  glacial  action  under  conditions  of  so  warm  a 
temperature  being  quite  inadmissible.  The  succeeding  superficial  deposit  in  Den- 
mark, where  it  forms  whole  cliffs,  is  that  which  is,  properly  speaking,  our  Russian 
and  German  drift,  or  "  the  boulder  clay"  of  Forchhammer.  In  this  western  region, 
which  is  not  far  from  the  source  of  their  origin,  the  blocks  are  often  of  gigantic 
size,  and  arc  associated  with  sands  and  sandy  clay,  containing  fragments  of  modern 
shells,  like  those  of  the  adjacent  open  northern  sea,  viz.  Balanus,  Corbula  nucleus 
and  Cyprina  Islandica.  According  to  Professor  Forchhammer,  this  coarse  drift  has 
recently  so  undergone  regeneration,  as  to  form  long  ridges  of  sand  aud  gravel  which 
have  been  thrown  up  in  reefs  or  shingle  banks  within  the  historic  sera. 

Besides  these  boulders  and  their  associates,  there  arc  other  superficial  deposits 
in  Denmark  which  indicate  successive  elevations  and  changes.  The  blocks,  for 
example,  often  occur  in  lines  along  great  fractures  or  parallel  to  them,  and  are 
then  associated  with  Mytilus  edulis,  Cardium  edule,  Buccinum  reticulatum,  all  indi- 
cating raised  beaches.  Again,  wherever  blue  clay  prevails,  the  Mya  or  Hiatella 
Arctica  occurs,  which  being  a  deep  sea  shell,  indicates  that  it  has  been  thrown  up 
and  mixed  with  littoral  shells.  It  is  unnecessary  that  we  should  here  attempt  to 
describe  all  the  successive  changes  which  have  occurred  in  Denmark  between  the 
time  of  the  transport  of  the  coarse  boulders  and  the  present  day.  All  which  it  con- 
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cerns  us  to  point  out,  is  the  manner  in  which  the  coarser  block  detritus  has  been 
piled  up,  and  to  endeavour  to  explain  the  manner  in  which  we  conceive  it  has  been 
swept  from  the  north. 

Completely  agreeing  with  Prof.  Forchhammer,  that  the  northern  detritus  in 
Denmark  must  have  been  accumulated  under  water,  we  can  nevertheless  scarcely 
venture  to  adopt  the  whole  of  his  belief,  that  it  can  all  have  been  aggregated  by 
ordinary  submarine  currents,  brought  into  play  by  moderate  and  gradual  oscillations 
of  the  land.  A  much  more  powerful  cause  than  any  now  in  action  is,  we  think, 
required  to  explain  the  surface  phenomenon  of  Scandinavia. 

Whether  we  examine  the  hard  and  crystalline  rocks  on  the  sides  of  the  Nor- 
wegian fiords,  or  traverse  the  promontories  towards  the  interior  of  that  country, 
some  of  which,  in  the  southern  region,  are  upwards  of  2000  feet,  and  others  in 
the  north  about  twice  that  height  above  the  sea,  we  find  the  surface  powerfully 
eroded,  frequently  much  worn  down  and  polished,  and  their  surface  marked  in 
numerous  places  by  parallel  furrows  and  innumerable  fine  mechanical  striae. 
Either  at  the  head  of  the  Gulf  of  Christiania,  or  in  the  high  grounds  of  Ringc- 
rigge,  all  the  stria?  and  markings  which  fell  under  our  observation  arc  directed 
from  north-north-west  to  south-south-cast,  and  this  is  the  normal  direction  assigned 
to  the  greater  number  of  the  Norwegian  scratches  by  Professor  Keilhau.  That 
author  has  observed  6uch  stria?  upon  the  surface  of  opposite  and  high  plateaux, 
where  the  detrital  materials  which  produced  such  striation  must  have  passed 
athwart  valleys  of  great  depth,  and  whose  base  is  now  occupied  by  lakes.  In  such 
cases  he  imagines  that  the  amount  of  detritus  must  have  been  so  mighty,  as  to  fill 
up  all  the  intervening  cavities,  though  in  other  valleys  the  direction  of  the  striae  is 
found  to  deviate  from  the  normal  line,  and  to  sweep,  as  by  an  eddy,  round  the 
flanks  of  the  mountain.  In  Norway,  at  least  in  the  southern  parts,  with  which  we 
are  alone  acquainted,  the  northern  faces  of  the  promontories  are  much  worn  down, 
abraded,  polished  and  scratched,  whilst  their  southern  faces,  generally  more  abrupt, 
are  in  a  rough  and  natural  condition1.  Such,  in  fact,  are  many  of  the  rocky  isles, 
or  "  skarsV  which  the  traveller  sails  by,  as  he  ascends  by  Gottenburg  to  the  bay 

1  Professor  Keilhau  pointed  out  to  us  a  phenomenon  in  the  upland  valley  above  Christiania,  more  than 
two  miles  from  the  sea.  and  certainly  200  or  300  feet  above  it,  which  is  of  high  interest  in  showing  that 
all  the  scratches  of  the  rock  must  have  been  brought  about  by  submarine  agency.  The  Silurian  rocks  on 
the  ride*  of  the  valley  are  there  perforated  by  Pholadet  apparently  of  existing  specie t. 

»  "  SksV'  Swedish  for  a  sea-rock.    »  Os,"  Swedish  for  a  pile  of  gravel,  is  "  osar"  in  the  plural. 
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of  Christiania.  We  defer,  however,  considering  the  origin  of  this  form  of  outline 
until  we  treat  of  Sweden,  where  these  appearances  are  still  more  frequent. 

If  the  axis  of  Norway  and  Lapland  was  the  great  centre,  from  whence  the  chief 
masses  of  the  detritus  which  cover  Sweden  have  been  derived,  the  latter  country 
is  highly  interesting,  in  showing  us  the  manner  in  which  such  detritus  is  piled  up, 
and  the  manner  in  which  it  is  associated  with  the  phamomcnon  of  the  striatum  and 
polish  of  the  rocks.  Professor  Sefstrom,  to  whose  opinions  we  have  before  alluded, 
is  the  author  most  entitled  to  praise  for  having  excited  attention  to  the  phamome- 
uon  of  southern  Sweden.  He  has  endeavoured  to  show,  that  the  osars,  or  boulder 
ridges  of  that  country,  are  peculiar  to  it ;  a  point  on  which  we  can  scarcely  coincide 
with  him,  since  we  are  acquainted  with  many  diluvial  ridges  in  Scotland,  Ireland, 
and  other  countries  which  so  resemble  the  Swedish  osars  in  length,  height  and  ar- 
rangement of  materials,  that  they  must  have  had  the  same  origin'.  If  such  "  osars " 
were  situated  near  an  alpine  range,  the  advocates  for  the  glacial  theory  would  at 
once  call  them  "moraines."  But  whatever  they  be  named,  it  is  quite  manifest 
that  they  have  been  formed  by  water,  since  the  boulders  which  occur  throughout 
them  are  uniformly  rounded  as  if  by  much  powerful  attrition.  These  osars,  each 
seldom  more  than  a  mile  in  length,  though  often  forming  a  prolonged  series,  are 
common  over  nearly  all  the  flat  regions  of  Sweden  ;  and  as  there  are  no  mountains 
of  any  altitude  whatever  from  the  southern  edges  of  Lapland  to  the  parallel  of 
Torneo,  it  is  quite  impossible,  independent  of  other  reasons,  that  such  ridges  should 
be  the  residue  of  glaciers  ;  for  nowhere,  as  before  said,  are  there  elevated  centres 
from  which  glaciers  can  have  advanced.  The  whole  of  the  superficial  phamomena 
of  the  country  are  indeed  at  variance  with  this  hypothesis ;  for  still  more  clearly 
than  in  Norway  are  all  the  hard  and  crystalline  rocks  affected  by  furrows  and 
striae,  the  normal  direction  of  which  is  from  north-north-west  to  south-south-east, 
and  still  more  are  the  north  sides  of  each  promontory  worn  down,  polished  and 
striated,  whilst  the  south  sides  are  abrupt,  rough,  and  void  of  all  such  appearances. 
It  was  the  generality  of  this  phenomenon  in  all  those  parts  of  Sweden  known  to  him, 
that  impressed  Sefstrom  with  the  conviction,  that  nothing  short  of  a  violent  flood 
from  the  north,  which  had  hurled  loads  of  coarse  detritus  with  great  vehemence 

1  Mr.  Murchiron  was  singularly  indebted  to  Baron  Berzclius,  who  warmly  advocates  the  chief  feature* 
of  Sehtrom's  view,  for  having  pointed  out  in  detail  the  structure  of  the  great  os  of  Stockholm,  and  some 
remarkably  beautiful  examples  of  the  polish  and  striation  of  the  rocks,  which  are  quite  analogous  to  those 
around  Edinburgh  and  in  many  other  parts  of  the  British  Isles. 
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against  the  northern  sides  of  the  hills,  could  have  produced  such  grinding,  polishing 
and  abrading  results.  The  position  and  form  of  the  osare  he  explained  by  supposing, 
that  the  force  of  the  deluge  being  exhausted  upon  each  of  these  promontories  whose 
northern  sides  it  wore  down,  "  stoss  scite,"  the  waters  had  simply  power  to  pile  up 
the  rude  and  rounded  materials  in  lower  lineal  ridges,  which  beiug  under  the  shelter, 
or  "  lee  side"  of  the  hill,  would  thus  be  protected  from  the  powerful  efforts  of  the 
general  current. 

We  could  not  examine  the  materials  of  the  great  os  close  to  Stockholm,  nor  of 
those  adjacent  to  Upsala  and  other  partH  of  Sweden  without  being  convinced,  that 
they  never  could  have  been  accumulated  by  currents  of  like  force  and  energy  to 
those  which  now  prevail  in  any  part  of  the  world.  They  all  bespeak,  that  an  enor- 
mous power  has  piled  up  such  colossal  heaps  and  completely  rounded  the  blocks 
contained  in  them.  By  whatever  force  transported  from  north-north-west  to  south- 
south-east,  or  from  north  and  by  west  to  south  and  by  east  (for  such  are  the  linear 
directions  of  the  principal  Swedish  osars),  these  masses,  whose  materials  show  that 
they  have  travelled  over  the  low  promontories  of  this  country,  could  not,  at  all 
events,  have  been  moved  over  that  surface  without  producing  extraordinary  denu- 
dation of  the  subjacent  rocks.  And  what  does  Sweden  exhibit?  A  crystalbue 
nucleus  of  ancient  gneiss,  or  granite  worn  down,  ground  and  polished,  in  the  very 
direction  in  which  the  drift  has  moved  ;  nay,  more,  from  the  outliers  of  Silurian 
strata,  often  horizontal,  which  remain  as  islets  of  denudation,  perched  upon  this 
broad  crystalline  expanse,  we  know  that  beds,  so  similar  in  composition,  contents 
and  position  at  distant  and  intermediate  places,  must  once  have  had  a  very  wide 
continuance  over  the  low  lands  of  Sweden.  But  such  has  been  the  force  of 
erosion  and  the  power  of  drift,  that  fifths  of  these  deposits  have  been  borne  away 
and  lodged  either  in  the  depression  of  the  Baltic  Sea  or  carried  into  the  plains  of 
Germany  ;  innumerable  fragments  of  them  with  many  Silurian  fossils  having  been 
transported  to  the  low  grounds  of  Brunswick 1  and  Prussia,  &c.  So  much  Silurian 
spoil  has  been  spread  over  these  tracts,  that  if  swept  back  to  Sweden  it  would 
indeed,  to  a  great  extent,  fill  up  the  interstices  between  the  detached  masses  of  the 
denuded  strata  of  that  country. 

This  grinding  down,  as  it  were,  to  the  earliest-formed  solid  rocks,  is  in  itself  a 

'  See  Kloden's  work  on  the  fossil*  of  the  March  of  Brandenburg  and  northern  German  plain..  All 
the»e  fossils  have  been  transported  from  Sweden.    (Vcratcinerungcn  dcr  Mark  Brandenburg.  Berlin. 
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proof  of  the  stupendous  denuding  power  of  that  great  operation  ;  and  when  we  look 
to  the  surface  of  those  crystalline  rocks  themselves,  still  more  are  we  astonished 
at  the  influence  which  must  have  been  exerted.    We  now  specially  allude  to  the 
"  stoss  seite,"  or  worn  side  of  all  the  rocks  exposed  to  the  north,  as  contrasted 
with  their  natural  or  lee  side.    Without  a  personal  visit  to  Sweden  and  without 
crossing  the  Gulf  of  Bothnia,  from  Stockholm  to  Abo,  we  could,  indeed,  have 
formed  no  conception  of  the  grandeur  and  uniformity  of  this  phenomenon.  We 
there  threaded  our  way  through  hundreds  of  small  isles,  none  of  them  rising  to 
more  than  60  or  100  feet  above  the  Baltic  Sea,  and  found  that  the  north  side  of 
every  one  exposed  a  face,  worn  down,  rounded,  polished  and  striated,  as  if  by  a 
stupendous  macerating  weight,  whilst  every  south  face  was  abrupt  and  rough.  On 
the  one  side,  in  short,  all  is  mechanical,  as  if  the  surface  had  been  planed  down  by 
art ;  on  the  other  all  is  rugged  and  natural.   No  one,  we  say,  who  has  ever  glanced 
at  such  marvellous  and  uniform  appearances,  would  any  longer  contend,  that  they 
can  have  been  produced  by  ordinary  tides  and  currents.  Nothing,  in  a  word,  short 
of  the  passage  of  an  infinite  number  of  heavy  glaciers  and  their  moraines,  or  of  the 
coarse  drift  or  osar  current,  which  swept  with  it  the  great  mass  of  the  transition  rocks 
into  the  plains  of  Germany,  could  have  accomplished  such  mighty  ends.  The  on- 
ward march  of  glaciers  over  these  flat  regions  and  seas  being  inadmissible,  elevations 
of  the  Scandinavian  continent  are  of  course  required  to  account  for  the  waves  of 
translation  and  powerful  currents  required  for  such  a  purpose ;  for  no  gradual 
swellings  of  the  land,  such  as  those  which  are  now  going  on  in  parts  of  that  country, 
could  possibly  have  produced  such  results.    These  can,  indeed,  alone  have  been 
accomplished  by  successive  sudden  upcasts,  which  threw  off  great  devastating  and 
erosive  waves,  and  determined  the  currents  in  an  uniform  direction.    But  looking 
to  the  low  altitude  of  Sweden,  the  vast  erosion  of  its  surface  and  the  piles  of  loose 
materials  by  which  it  is  encumbered,  we  can  scarcely  refrain  from  believing,  that  a 
great  corresponding  depression  also  took  place,  by  which  the  regions  of  Russia  in 
Europe,  Poland  and  Germany,  over  which  we  have  traced  the  northern  drift,  were 
so  lowered  as  to  cause  long-continued  currents  to  set  in  to  the  south  from  the 
Scandinavian  chain.    Such  conditions,  then,  and  those  we  have  before  suggested, 
may,  we  think,  explain  the  boulder  ridges,  the  wearing  away  and  striation  of  the 
northern  sides  of  the  rocks  in  question  and  the  passage  of  the  rounded  blocks, 
even  though  they  occupy  flat  regions. 

In  Sweden,  however,  it  is  essential  to  draw  the  distinction  (as  Sefstrom  and  Ber- 
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zelius  have  done)  between  the  osars,  or  coarse  drift  of  rounded  blocks,  gravel,  and 
the  great  subangular  blocks  which  cover  them.  Now  in  examining  the  tracts  round 
Upsala,  we  had  no  difficulty  in  fully  admitting  a  fact,  first  pointed  out  by  Mr.  Lyell, 
that  blue  marine  clay  abounding  with  shells  (including  the  Tellina  Bcdtica)  is  di- 
stinctly overlaid  by  osars,  which  are  there  chiefly  composed  of  sand  and  gravel ; 
thus  proving  satisfactorily  that  these  masses  were  of  aqueous  origin.  On  this  point 
we  entirely  agree  with  Mr.  Lyell,  though  we  differ  from  him  as  to  the  intensity  of 
the  agency  employed  in  forming  these  osars ;  which  must,  we  believe,  have  been 
infinitely  greater  than  that  which  could  have  ever  have  resulted  from  rivers,  in  a 
flat  country  like  this,  pouring  their  contents  into  estuaries  and  bays. 

In  looking  to  the  three  osars,  which  extend  in  succession  from  north  and  by  west 
to  south  and  by  east,  between  Old  and  New  Upsala,  we  may  now  add,  that  we 
perceived  what  we  consider  to  be  striking  evidences  of  the  manner  in  which  the 
subangular  blocks  upon  their  surface  were  accumulated.  The  most  northern  of 
these,  called  Tun-os,  the  summit  of  which  is  about  100  feet  above  the  adjoin- 
ing flat  country,  is  composed  of  sands,  clays  and  gravel,  and  is  about  half  a  mile 
long.  On  its  northern  face  this  os  is  distinguished  by  several  ledges  of  coarse 
shingle,  which  rise  up  over  each  other  in  converging  terraces,  which  gradually 
diminish  in  area  as  you  proceed  southwards  to  the  summit  of  the  hill.  No  very 
large  blocks  are  associated  with  these  shingle  ridges  until  you  reach  the  upper- 
most or  smallest  ellipse,  whence  a  shower,  as  it  were,  of  large  angular  and  half- 
rounded  blocks  slope  down  the  southern  talus  of  the  os.  Seeing  that  blocks  of  the 
same  aspect  (granite,  gneiss,  greenstone,  &c.)  were  similarly  lodged  on  the  summit 
and  southern  slopes  of  the  next  lower  os,  as  well  as  on  the  third,  or  Stor-stens-kulle 
(where  one  of  the  blocks,  still  quite  angular,  is  twenty  feet  kigh  and  upwards  of 
seventy  feet  round  its  base),  we  naturally  concluded,  that  these  great  angular  frag- 
ments were  dropped  upon  these  promontories  by  floating  icebergs.  The  terrace- 
within-terrace  shingle  on  the  north  face  of  the  chief  os  strongly  corroborated  this 
view ;  for  supposing  an  iceberg  floating  from  the  north,  to  have  been  arrested  by  im- 
pinging against  this  hill  of  gravel  and  sand  whilst  a  strong  current  was  flowing  from 
that  point,  the  first  summer's  sun  would  naturally  diminish  its  volume,  whilst  the 
force  of  the  current  would  move  the  icy  mass  onwards.  By  the  union  of  these  causes 
the  shrinkage  and  advance  of  the  iceberg  would  proceed  each  season,  and  thus, 
by  the  steady  action  of  a  northern  current,  the  ledges  of  shingle  having  been 
washed  up  round  the  northern  base  of  the  iceberg,  would  be  left  as  memorials  of 


ILLUSTRATION  OF  ICE-FLOE  ACTION  NEAR  UPSALA.  547 

each  successive  reduction  of  that  body.  At  length,  when  reduced  to  the  minimum 
size  at  which  it  could  be  held  together,  it  would,  in  dissolving,  necessarily  shed  its 
load  upon  the  sloping  talus  of  the  os,  the  blocks  being  assisted  by  the  same  cur- 
rent in  their  southward  progress  down  the  slope  of  the  submarine  hill.  This  case 
appears  to  us  to  be  so  illustrative  and  confirmatory  of  our  views,  that  we  annex 
two  small  diagrams  giving  a  plan  of  the  ground  and  a  profile  view  of  the  same. 


a.  Ancient  aobaoanii*  (till  roonpuecd  at  ara  aa»d  anil  c'.*i,  with  Trthn*  Bmttien,  and  on*  forming  fat  land  called  Tun  -or 

m.  Iceberg  in  it*  largest  state  when  arrested  \*j  the  submarine  bill. 

tteee.  Trmm  of  gravel  famed  raarcesaivetv  as  the  iceberg  wm»  forced  soulhwstfda. 

d.  Iceberg  in  it*  last  state,  when  diminished  and  advanced  tu  the  south,  r*]>osiag  blocks  and  gravel  wilhsn  tt. 
I.  Tartu  covered  by  brocks  derived  from  the  melted  iceberg.   •—  direcriun  of  the  current 


69. 


In  th:»  enlarged  plan,  the  converging  terrace*  (c r)  of  the  section  are  represented  to  the  left,  the  line  of 
blue  Li  i  /   to  the  right. 

These  phenomena  at  Old  Upsala  seem  to  us  fully  to  indicate  the  difference  be- 
tween the  sub-aqueous  and  highly-rolled,  tumultuous  drift,  which  like  the  "  till  " 
of  Scotland,  resulted  from  some  of  the  earlier  oscillations  in  these  latitudes,  and 
the  operation  of  the  currents  upon  icebergs  which  were  stranded  and  dissolved ; 
for  had  the  same  power  of  water  been  there  in  play,  as  that  which  formed  the 
Bronkeberg  Os  near  Stockholm  and  many  others  like  it  in  Sweden,  the  blocks  in 
question,  although  they,  for  the  most  part,  lie  to  the  lee,  or  sheltered  side  of  the 
hills,  would  have  been  rounded  and  polished,  whereas  nearly  all  of  them  (and  the 
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great  block  of  Stor-stens-kulle  stands  out  upon  the  very  summit  of  a  hill)  have  their 
angles  as  fresh,  as  if  never  affected  by  other  than  ordinary  atmospheric  agency. 

The  prevalence  of  the  rounded  or  worn  blocks  in  the  mass  of  detritus  or  osar 
trainees,  whilst  the  angular  blocks  are  chiefly  on  their  surface,  arc  features  well- 
explained,  if  we  suppose  that  the  more  violent  current  by  which  the  one  class  of 
boulders  was  hurled  on,  was  succeeded  by  other  south-flowing  streams,  in  which 
ice-floes  were  transported. 

Whilst  we  have  stated  that  the  normal  and  general  direction  of  the  striae  in 
Sweden  is  either  from  north  to  south,  or  from  north-north-west  to  south-south- 
east, we  know  that  there  are  many  exceptions.  Such,  for  example,  are  certain  marks 
near  Gottenburg  and  Uddevalla  observed  by  M.  Forchhammer,  which  proceed  from 
east  to  west.  There  again,  we  should  say,  that  such  stria;  are  merely  in  the  direc- 
tion which  certain  local  masses  of  drift  have  taken,  and  which  have  been  carried 
from  the  east  into  the  fiords,  or  mouths  of  lateral  valleys,  on  the  west.  And  here 
it  must  be  recollected,  that  numerous  inlets  around  these  estuaries,  such  as  Udde- 
valla and  Gottenburg,  and  that  above  Christiania,  before  adverted  to  (p.  329),  indi- 
cate by  the  presence  of  marine  shells,  often  at  considerable  heights,  that  the  sea 
occupied  these  lands  till  a  very  recent  period. 

But  such  aberrations  from  the  normal  direction  perfectly  concur  with  the  excen- 
tric  shedding  off  of  the  debris  indicated  in  Lapland  by  M,  Bohtlinghk.  For,  as  we 
have  before  shown,  this  great  drift  w  northern  in  reference  to  Russia  and  Germany 
only.  To  the  Icy  Sea  it  is  a  southern',  to  the  Yorkshire  coast  an  eastern,  and  to 
the  Timan  ridge  a  western  drift.  Northern  Scandinavia  was,  therefore,  a  vast, 
crystalline  nucleus,  which  owing,  as  we  believe,  to  its  sudden  elevations,  accompa- 
nied by  great  environing  depressions,  poured  off  its  detritus  at  one  time  vehemently, 
at  another  more  tranquilly,  and  thus  accomplished  those  residual  phamomena  which 
it  has  been  so  difficult  to  explain.  We  are  further  induced  to  suppose,  that  the 
highest  portions  of  this  chain,  extending  from  the  Dovre-feld  in  Norway  to  the  axis 
of  Russian  Lapland,  constituted  a  region  of  glaciers  which,  broken  up  by  some  of 
the  oscillations  alluded  to,  sent  forth  numerous  icebergs,  which  were  often  floated 
away  to  great  distances  before  they  melted,  and  deposited  the  erratic  blocks  de- 
scribed in  the  preceding  chapter. 

'  M.  Siljestrom  has  already  shown  that  the  translation  of  the  detritu*  from  the  Scneehatten  and  highest 
points  of  the  Norwegian  uxis  has  taken  place  from  south  to  north  and  from  south-south -cast  to  north- 
north-west,  thus  completing  the  proofs  of  an  excentric  Scandinavian  movement.  (Sec  the  arrows  upon 
the  Map.  PI.  VI.,  and  the  Postscript  to  this  Chapter.) 
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If  for  a  moment  we  turn  our  attention  to  the  British  Isles,  analogous  phaeno- 
niena  are  found  all  around  their  shores  :  sea-beaches  and  bottoms  fringe  the  rocks 
at  various  altitudes :  coarse  and  thick  heaps  of  detritus  encumber  the  slopes  of  the 
hills  ;  and  in  numerous  situations,  whether  on  inland  mountains  or  low  rocks  upon 
the  level  of  the  sea,  as  well  as  far  removed  from  any  great  elevations,  striated, 
worn  and  polished  surfaces  are  frequent. 

To  begin  with  one  example  out  of  many  of  the  latter  class — one  to  which  no 
geologist  has  yet  adverted, — we  are  acquainted  with  no  finer  case  of  striation  and 
polish  of  the  solid  rocks  than  at  the  bay  of  Derrynane  in  the  south  of  Ireland. 
There,  the  mass  of  detritus  has  naturally  found  its  exit  to  the  western  sea,  by  an 
east  and  west  depression,  the  low,  undulating  hummocks  of  hard  and  highly- 
contorted,  slaty  rocks  (Devonian)  having  been  worn  down,  highly  polished  and 
scratched  in  the  direction  of  the  major  axis  of  the  valley.  The  sides  of  this  valley, 
opening  to  a  fine  marine  bay,  are  formed  of  picturesque  rocks,  which  by  their 
outline  necessarily  confined  the  drift  in  a  direction  from  east  to  west.  Again,  on 
the  south  6ide  of  Macgillicuddy's  Reeks,  the  chief  central  mountain  in  the  south 
of  Ireland,  great  piles  of  drift  are  lodged  at  intervals  in  a  deep  gorge  which  leads 
eastwards  from  the  gap  of  Dunlooe  to  the  upper  lakes  of  Killarney :  and  alongside, 
as  it  were,  of  such  masses  of  detritus,  the  rocky  cliffs  are  polished,  grooved  and 
striated,  both  on  their  upper  surfaces  and  on  their  steep  sides.  In  this  way  we 
may  also  infer,  how  the  loose  materials  have  been  shed  off  excentrically  from  ele- 
vated centres,  and  spread  out  in  the  "  escars"  of  the  lower  Irish  tracts. 

In  the  south  of  Scotland,  as  in  the  Highlands,  great  terraces  or  linear  ridges  of 
coarse  gravel  and  rounded  blocks  have  been  deposited  on  the  slopes  of  the  hills 
and  in  ancient  bays  or  estuaries.  Sir  James  Hall1  was  the  first  geologist  who 
applied  the  diluvial  views  of  De  Saussure  and  Pallas  to  explain  the  striation  of  the 
Scottish  rocks,  and  looking  to  the  direction  of  such  marks  on  the  sides  of  the  hills 
near  Edinburgh,  and  connecting  them  with  the  form  of  the  rock  ridges,  the  "  crag 
and  tail"  of  Scottish  observers,  that  philosopher  naturally  concluded,  that  the  same 
great  aqueous  debacle  which  had  poured  off  the  detritus  into  the  low  grounds 
had  scored  and  grooved  the  rocks  over  which  it  had  passed.    One  of  the  most 

1  See  Transactions  of  the  Royal  Society  of  Edinburgh,  vol.  vii.,  in  which,  pp.  169  et  $tq.,  the  reader 
will  find  how,  in  the  year  1812,  Sir  James  Hall  applied  and  modified  the  action  of  the  great  supposed 
diluvian  ware.  We  specially  commend  to  the  attention  of  the  reader  the  excellent  observations  of  Mr. 
Charles  Maclaren  in  his  work,  '  Geology  of  Fife  and  the  Lothians,'  on  the  groovings  and  dressings  ou  the 
surface  of  rocks,  p.  214.  Edinburgh,  1839. 
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remarkable  examples  in  that  country  with  which  we  are  personally  acquainted, 
is,  where  the  hard  siliceous  sandstone  of  Braambury,  near  Brora1,  has  been  cut 
into  by  fine  markings,  irregularly  parallel,  which  are  visible  on  the  south-western 
face  of  that  hill,  wherever  the  turf  and  earth  is  removed  from  the  subjacent  rock. 
In  that  case,  as  near  Edinburgh,  hills  of  moderate  height  only  are  to  be  seen  in 
the  direction  whence  the  chief  local  current  has  proceeded  ;  and  a  deep  gorge 
leading  up  to  Loch  Brora  indicates  the  channel  by  which  the  drift  was  poured  off 
against  Braambury  hill,  prior  to  its  distribution  or  submergence  along  the  shore. 
In  a  word,  all  the  great  banks  of  drift  and  sand  which  diversify  the  tracts  on  the 
south  side  of  the  Moray  Firth  are  but  "  osars,"  which  proceed  from  the  ends  of 
the  promontories  of  the  central  Scottish  mountains,  whilst  on  their  opposite  or 
western  side,  the  shores  and  estuaries  of  various  lochs  on  the  coast  between  the 
mainland  and  the  Hebrides  exhibit  similar  masses  of  detritus.  Whenever  they 
can  be  detected,  and  we  have  seen  them  even  on  the  flanks  of  Schehallion,  towards 
the  centre  of  the  Scottish  chain,  the  stria:  are  invariably  in  the  same  direction  as 
that  which  the  main  mass  of  adjacent  gravel  and  detritus  (however  transported) 
has  taken  in  its  passage  over  the  land.  In  the  case  of  Schehallion,  the  loose  matter 
has  been  formed  in  the  adjacent  valley  of  Kenmore  into  terraces,  which  are  finely 
displayed  in  the  beautiful  park  of  the  Marquis  of  Breadalbane. 

According  to  Dr.  Buckland,  who  has  sought  to  apply  the  views  of  Professor 
Agassiz  to  various  parts  of  the  British  Isles,  these  terraces  are  but  the  evidences  of 
ancient  moraines,  the  remains  of  former  glaciers,  which  passing  from  the  shoulders 
of  Schehallion  and  the  adjacent  hills,  found  their  resting-place  in  the  valley  of  Ken- 
more.  Arguing  that  nothing  but  a  glacier  can  have  produced  the  parallel  grooves, 
stria?  and  '*  roches  moutonnces,"  Dr.  Buckland  has  further  been  induced  to  carry 
out  the  application  of  the  same  views  to  other  hills  in  Scotland,  to  certain  centres 
of  Cumberland,  and  to  the  slopes  around  the  Welsh  group  of  Snowdon.  In  stating 
our  objections  to  the  views  of  that  eminent  geologist,  let  us  take  the  case  of  Snow- 
dun*.  Whether  we  examine  its  northern,  north-eastern  or  western  flanks,  many 
such  boulders  occur,  at  intervals,  as  must,  we  contend,  have  been  accumulated 
under  water.  Around  more  than  one-half  of  the  periphery  of  the  mountain,  the 
highest  point  of  which  is  only  3571  feet  above  the  sea,  there  can,  indeed,  be  no 
ambiguity ;  for  sea  shells  of  existing  or  pleistocene  species  are  commingled  with 
the  detritus  upon  its  flanks,  and  we  can  perceive  no  distinction  between  such  de- 
•  Geol.  Tr»n»..  2nd  Serie*.  vol.  ii.  p.  357.  'See  Obi.  end  of  Chap.,  p.  556. 
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posits,  whether  on  the  summit  of  Moel  Tryfane  at  heights  of  1 700  feet  above  the 
sea,  or  in  the  lower  country  of  Shropshire  at  heights  of  300  and  400  feet.  In  all 
other  cases  around  Snowdon  as  well  as  on  Schchallion,  therefore,  we,  for  our  parts, 
can  sec  nothing  more  than  may  be  completely  explained  by  the  transmission  of 
massive  bodies  of  detritus,  which  derived  from  the  higher  parts  of  those  mountains 
at  the  periods  of  their  elevation,  would  necessarily,  we  contend,  have  produced 
exactly  the  same  appearances  as  if  a  heavy  incumbent  glacier  had  traversed  them'. 
The  coarse  drift  of  the  British  geologist,  or  the  osar  of  the  Swede,  are  no  imaginary 
creations.  They  are  enormous  banks  and  ridges  of  stones  which  have  usually 
undergone  great  friction,  arc  associated  with  clays  and  sands,  sometimes  finely 
disposed,  at  other  times  tumultuously  arranged,  as  if  by  water,  and  among  them, 
whether  in  Sweden,  Denmark,  England,  Scotland  or  Ireland,  are  occasionally  found 
sea  shells.  Why  then  are  glaciers,  although  doubtless  they  are  and  have  been 
"  verae  causa?"  of  striation,  in  countries  where  very  high  mountains  are  in  evidence, 
— why,  we  ask,  are  they  to  be  forced  upon  us  as  the  sole  means  of  solving  this 
problem,  in  regions  where  no  such  features  exist?  and  why  in  such  low  situations 
are  we  not  to  infer,  that  the  drift  has  done  the  same  work  as  the  glacier  has  per. 
formed  in  the  lofty  Alps  ? 

But  some  of  the  very  marine  shells  on  which  we  have  been  insisting  as  proofs  of 
the  aqueous  formation  of  this  boulder  drift,  are  said  to  be  Arctic  species,  and  have 
therefore  been  quoted  as  indicating  the  prevalence  of  a  colder  climate  in  our  lati- 
tudes in  those  days  than  at  present*.  Hence  glaciers,  it  is  supposed,  may  have  been 
adjacent  to  such  arctic  animals.  But  what  are  the  species  of  shells  associated  with 
the  great  boulder  drift  in  Denmark  ?  why  in  many  tracts  the  very  same  which  now 

'  Thin  explanation  applies  equally  to  Killanicy  and  all  the  other  cases  cited. 

•  We  were,  at  one  time,  disposed  to  think,  that  the  presence  of  sab-fossil  shells  of  Arctic  character 
naturally  indicated  the  former  presence  of  a  much  colder  climate  in  those  latitudes  where  they  have  been 
found  (see  Proceedings  of  Ocol.  Soc.,  toI.  iii.  p.  680).  But  independent  of  discoveries  in  submarine 
life,  we  now  hold  that  it  is  unnecessary  to  have  recourse  to  such  an  argument,  in  relation  to  any  phe- 
nomena in  the  British  Isles  or  similar  latitudes ;  for  we  can  easily  imagine,  that  when  very  different 
physical  features  prevailed,  and  when  lands  now  above  the  sea  were  beneath  it,  cold  currents  may  have 
extended  very  far  southwards  of  the  arctic  circle,  and  have  been  inhabited  by  species  now  restricted 
(through  geographical  changes)  to  a  less  horizontal  range.  Again,  we  then  believed,  that  no  great  erratic 
blocks  had  ever  been  seen  in  equatorial  or  intertropical  tracts,  but  we  learn  from  the  last  researches  of  Sir 
Robert  Scbomburgk  in  British  Guiana,  that  enormous  boulders  of  far-transported  crystalline  rocks  are 
there  found  on  the  surface  of  the  sedimentary  deposits  of  the  plains  and  slopes, — a  region  in  which  no 
ice  or  glaciers  can  ever  have  existed  (see  memoir  read  before  the  Royal  Geographical  Society  of  London, 
which  will  appear  in  the  15th  volume  of  the  Journal  of  that  body). 
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live  in  the  adjacent  seas.  And  though  several  of  the  latter  are  Arctic  species,  no 
glaciers  occur  within  several  hundred  miles  of  the  seas  in  which  they  live.  Again, 
the  researches  of  Prof.  E.  Forbes  in  the  vEgean,  and  of  Prof.  Loven  in  the  North  Sea 
have  taught  us,  that  the  more  or  less  Arctic  character  of  shells  essentially  depends 
upon  the  depth  of  the  submarine  zone  at  which  the  animals  lived.  Who  then  will 
assert,  in  opposition  to  such  facts  and  the  opinion  of  such  authorities,  that  many 
of  the  so-called  raised  beaches  in  Sweden,  Norway  and  England,  are  not,  in  truth, 
sea-bottoms,  which,  under  whatever  difference  of  latitude  they  may  have  been  accu- 
mulated, necessarily  bear  more  or  less  an  Arctic  character  ?  Suppose,  for  example,  a 
mutation  in  the  present  configuration  of  the  Mediterranean,  not  so  great  as  many 
which  have  affected  our  continents,  and  that  its  deepest  soundings  were  raised  up 
into  hills,  leaving  banks  of  shells  which,  from  the  depths  at  which  they  lived,  would 
necessarily  have  an  Arctic  character ;  and  further  imagine  that  this  raised  sea-bot- 
tom was  absolutely  contiguous  to  certain  rocks  of  Greece1,  which  have  lately  been 
described  as  having  the  same  polish  and  stria?  as  our  northern  examples,  might  it 
not  be  argued,  that  because  certain  shells  were  present,  glaciers  and  an  Arctic  cli- 
mate once  prevailed  there  ?  Wild  as  such  reasoning  would  now  appear,  it  might 
really  have  been  maintained,  had  not  the  discoveries  of  Professor  E.  Forbes  thrown 
a  new  light  upon  the  subject  and  entirely  prevented  its  application.  At  present, 
therefore,  we  presume  that  no  one,  on  account  of  the  parallel  striation  and  polish 
of  her  crystalline  limestone,  is  prepared  to  allow  that  the  flanks  of  Parnassus  have 
been  subjected  to  the  action  of  glaciers.  Even  there,  indeed,  we  have  the  sub- 
stitute for  the  glacier  and  its  reliquiae  in  mounds  of  gravel,  debris  and  boulders 
(resembling  in  form  both  longitudinal  and  transverse  moraines),  which  have  been 
shed  off  from  the  mountain  side. 

The  abettors  of  the  general  application  of  the  glacier  theory  to  every  region 
where  the  "  roches  moutonnees"  of  De  Saussure,  or  striae  similar  to  those  of  the 
Alps,  are  visible,  failing  necessarily  in  their  efforts  to  show  how  these  phenomena 
can  have  been  produced  by  ice,  in  countries  where  the  first  elements  in  that  theory 
are  wanting,  must,  we  contend,  limit  their  inductions  to  centres  of  great  eleva- 
tion, and  consequently  of  great  cold.  To  support  this  view  we  need  not  travel  to 
exceptional  cases  in  Greece  :  even  the  flat  regions  of  Belgium  and  northern  France 
frequently  expose  polished  and  striated  surfaces  of  the  palaeozoic  limestones,  where 

'  See  Mr.  Trevelyans  account  of  the  scratched  and  polished  surfaces  of  Mount  Parnassus  in  Greece. 
Proc.  Geol.  Soc.  of  London,  vol.  iv  p.  203. 
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superjacent  masses  of  drift  have  been  removed  from  them.  Such  wc  have  our- 
selves remarked  on  the  surface  of  the  low  hills  of  carboniferous  limestone  on  the 
right  bank  of  the  Rhine  near  Diisseldorf,  where,  when  the  superincumbent  gravel 
is  cleared  away,  the  edges  of  the  highly  inclined  beds  are  seen  to  have  been  trun- 
cated and  smoothed  down,  as  if  they  had  been  subjected  to  the  passage  of  a  heavy 
incumbent  mass,  the  sand  at  the  base  of  which  had  served  as  a  polishing  powder. 
These  facts  are,  we  repeat,  nothing  more  than  what  have  been  detected  under 
similar  conditions  of  overlying  drift  throughout  large,  low  portions  of  the  British 
Isles  ;  and  to  bring  back  their  application  to  our  own  immediate  subject,  all  these 
detrital  heaps  are  simply  the  equivalents  of  the  "Osars"  in  Sweden,  the  great 
block  clay  and  sand  of  Denmark,  and  the  piles  of  stones,  sand,  clay  and  gravel 
which  are  spread  out  in  such  enormous  masses  over  the  low  countries  of  Russia, 
Poland  and  Germany.  A  vast  portion — by  far  the  greater  part — of  this  drift  has 
therefore,  we  think,  been  transported  by  aqueous  action,  consequent  on  powerful 
waves  of  translation  and  currents  occasioned  by  relative  and  often  paroxysmal 
changes  of  the  level  of  sea  and  land.  Now  that  we  are  sustained  by  the  reasoning 
of  mathematicians,  who  show  us,  that  with  sudden  vertical  elevations,  each  not 
exceeding  fifty  feet  in  the  case  of  an  ocean  of  300  or  400  feet  in  depth1  (and  might 
not  corresponding  depressions  produce  the  same  ?),  bodies  of  water  have  the  power 
of  hurling  on  enormous  blocks,  sand  and  gravel  to  vast  distances  and  over  con- 
siderable inequalities,  we  are  relieved  from  one  of  the  great  difficulties  opposed  to 
the  rational  explanation  of  the  position  of  a  very  large  proportion  of  this  drifted 
matter.  Whatever  may  have  been  the  period  of  their  action,  such  aqueous  deba- 
cles have  probably  formed  many  of  the  conglomerates  of  previous  ages,  and  with 
the  help  of  ice  floes,  much  of  that  foreign  drift,  of  which  we  have  already  treated. 

Seeing  that  there  are  no  mountains  whatever  from  which  a  glacier  can  ever  have 
been  propelled  in  southern  Sweden,  Finland,  or  north-eastern  Russia,  and  yet  that 
these  regions  are  powerfully  abraded,  scored  and  polished,  we  have  naturally  come 
to  the  conclusion,  that  effects  so  extensively  developed  over  such  flat  countries, 
must  have  resulted  from  the  enormous  masses  of  debris  and  rolled  stones,  which, 
always  found  in  adjacent  positions,  have  invariably  taken  the  same  direction  as  the 

1  For  »  mathematical  application  of  the  powers  of  the  wares  of  truncation,  described  by  Mr.  Scott 
Russell  (Trans,  of  the  Brit.  Assoc.  for  the  Advancement  of  Science  for  1844),  to  geological  dynamics,  see 
the  very  able  memoir  of  Mr.  Hopkins  "  On  the  elevation  and  denudation  of  the  lake  district  of  Cumber- 
land and  Westmoreland"  (Proc.  Geol.  Soc.  Lond.,  vol.  iii.  p.  763). 
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grooves  and  stria  on  the  polished  rocks.  These  vast  mounds  of  drift  (derived  from 
the  breaking  up  of  the  rocks)  are  our  lithological  substitutes  for  glaciers,  and 
whether  their  weight,  the  nature  of  their  materials,  or  the  plasticity  of  their  mass 
(when  in  a  moist  state)  be  considered,  no  one  can  deny  that  they  may  have  pro- 
duced effects  precisely  similar  to  those  of  the  true  glacial  "  moraine." 

But  whilst  we  reject  the  application  of  the  terrestrial  glacier  theory  to  Sweden, 
Finland,  north-eastern  Russia  and  the  whole  of  northern  Germany, — in  short,  to 
all  the  low  countries  of  Europe, — we  believe,  as  before  stated,  that  in  the  axis  of 
northern  Scandinavia  and  Lapland  (the  highest  point  of  which  is  upwards  of  8000 
feet  above  the  sea)  arctic  glaciers  did  formerly  exist.  These  glaciers,  probably  more 
extensive  than  those  which  there  now  prevail,  formed,  we  may  imagine,  the  shores 
of  the  sea  that  then  covered  all  the  low  lands  of  Sweden,  Finland  and  Russia,  and 
bathed  the  edges  of  such  glaciers,  just  as  those  of  the  icy  sea  now  advance  to  the 
ice-bound  cliffs  of  Spitzbergen.  The  icebergs  floating  therefrom  explain  the  far 
transport  of  the  large  and  often  subangular  blocks,  which  chiefly  occupy  the 
surface  of  these  drifted  accumulations,  and  have  often  been  carried  to  enormous 
distances  from  their  native  beds  without  losing  their  original  outline ;  a  condition 
perfectly  irreconcilcable  to  their  transport  by  water,  even  were  currents  capable 
of  hurling  such  huge  fragments  for  hundreds  of  miles  up  inclined  planes  and  over 
hills  and  valleys. 

In  bidding  adieu  to  this  subject,  we  are,  therefore,  far  from  denying  to  glaciers 
that  which  we  consider  their  legitimate  agency ;  nay,  we  require  the  aid  of  icy 
masses,  detached  from  them  into  open  seas,  to  account  for  certain  superficial  phse- 
nomena,  which  without  them  would,  we  apprehend,  remain  perfectly  inexplicable 
by  any  natural  operation :  but  we  confidently  maintain,  that  aqueous  detrital  con- 
ditions will  best  account  for  the  great  diffusion  of  drift  over  the  surface  of  the 
globe,  and  at  the  same  time  explain  the  very  general  striation  and  abrasion  of  the 
rocks,  at  low  as  well  as  high  levels,  in  numerous  parallels  of  latitude. 

In  conclusion,  we  would  remind  our  readers,  that  exempted  as  she  has  been  (in 
all  her  higher  lands  at  least)  from  any  submarine  influences,  Siberia  is  entirely  free 
from  erratic  blocks,  though  environed  on  three  sides  by  high  mountains.  From 
this  great  negative  fact,  combined  with  all  the  positive  evidence  adduced  in  this 
chapter,  we  infer,  that  without  having  been  beneath  the  sea,  no  country  can  have 
had  its  surface  strewed  over  with  foreign  drift  or  boulders,  like  European  Russia. 
All  lands,  therefore,  in  the  northern  hemisphere  which  are  as  void  of  such  drift  as 
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large  portions  of  Siberia  on  the  one  hand,  and  Siluria  on  the  other,  may  have  been, 
like  them,  for  ages  the  habitation  of  the  great  extinct  quadrupeds.  Such  countries 
must,  in  all  probability,  have  been  as  long  above  the  sea  as  the  low  and  drift- 
covered  tracts  of  Europe  were  beneath  it. 


P.S.— The  allusion  to  Professor  Forchhammcr  in  the  text  (p.  541)  doe*  not  do  justice  to  his  < 
ciently  distinguish  them  from  those  of  M.  Sefstrom.  In  a  letter  to  Mr.  Murchison.  t 
to  the  views  of  the  Utter  :— "  When  Sefstrom  first  started  his  theory,  the  highest  points  that  had  been  observed  to 
be  scratched  were  about  900  feet  above  the  level  of  the  sea,  and  the  lowest  a  little  below  that  level ;  thus  making  about 
1000  feet  of  difference  between  the  highest  and  lowest  markings.  That  difference  has  now  augmented  by  additional 
observations  to  more  than  4000  feet.  Hence  Sefstrom  is  obliged  to  imagine  the  motion  of  his  flood  to  have  Iwn  very 
quick,  or  otherwise  the  boulder*  could  not  have  been  suspended  in  the  muddy  mass.  I  had  sufficient  difficulty  to 
imagine  a  stream  1000  feet  deep ;  but  a  current  of  4000.  moving  with  such  a  velocity  that  the  boulders  could  not 
subside,  is  utterly  beyond  my  power  of  conception.  Again,  when  Sefstrom  first  brought  forth  his  views,  all  the 
worn  side*  which  had  been  observed  faced  the  north,  and  the  supposition  of  a  violent  current  from  the  Polar 
regions  had  some  probability  in  it.  But  Bohtlingk  having  shown,  that  such  worn  side*  in  the  northernmost  part 
of  Scandinavia  face  to  the  south,  whilst  Siljcstrum  has  observed  the  same  phenomenon  to  the  north  of  the  Dovref- 
jeld,  we  must  now  look  for  the  origin  of  the  current  in  the  range  of  high  lands  or  axis  of  the  peninsula1.  Now, 
whatever  masses  of  ice  (glaciers)  imagination  may  heap  up  on  the  top  and  flanks  of  the  Dovre  and  its  prolongation, 
they  certainly  would  not  be  sufficient  on  melting  to  move  such  a  stream.  Further,  the  distance  from  that  chain  to 
the  south  of  Sweden  (about  7°  of  latitude,  the  height  of  Sneehiittcn,  the  loftiest  mountain,  being  upwards  of  81)00 
feet)  affords  a  mean  declivity  that  seems  to  be  quite  inadequate  to  give  velocity  to  a  current  such  as  is  required  to 
move  boulders.  Sefstrom  must  also  have  supposed,  that  the  numerous  striated  rucks  which  have  a  worn  or  weather 
side,  and  a  lee  or  protected  side,  must  originally  have  had  the  form  of  fig.  a  (see  diagram  overleaf),  which  by  the 
action  of  the  flood  was  changed  to  fig.  4  ;  the  part  under  the  dotted  line  being  washed  away,  which,  considering 
the  hardness  of  the  Scandinavian  granite,  is  an  enormous  demand.  Beside*,  the  first  form  seldom  or  ever  occurs 
in  (Scandinavian  ?)  rock*.  Their  original  outline  is  most  frequently  a  flattened  ellipse,  as  represented  in  fig.  c ; 
and  their  present  shape  (fig.  rf)  would  best  be  explained  by  the  action  of  water  on  their  steep  or  lee  side,  which, 
assisted  by  degradation  arising  from  the  jointed  structure  of  the  rocks,  has  removed  the  portion  under  the  dotted 
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1  These  decisive  observations  of  M .  Bohtlingk  and  M.  Siljcstriira  respecting  the  form  of  the  skars  and  the  course 
which  the  detritus  has  absolutely  taken  to  the  north  as  well  as  to  the  south,  are  subversive  of  the  theory  of  M.  Du- 
rucher,  expressed  in  a  memoir  before  alluded  to,  that  the  drift  passed  orer  Scandinavia  from  the  Polar  regions.  We 
must  not  omit  to  state,  that  as  early  as  the  year  IB2H  (Ann.  dca  Sci.  Nat.  vol.  xiv.  p.  6),  our  distinguished  friend, 
M.  Brongniart,  when  travelling  with  Baron  Berxelius,  observed  the  chief  phenomenon  of  the  stria;  on  the  rocks 
proceeding  from  north-east  to  south-west,  and  the  parallelism  of  the  Omits  to  that  direction.  To  do  justice, 
however,  to  all  the  author*  who  have  written  on  this  subject,  we  most  refer  our  readers  to  a  lucid  summary  of  their 
works  by  Baron  Berzelius,  "  Jahres  Bericht  ueber  die  Fortechritte  der  Phys.  Wis*."  1844,  p.  386.  They  will 
there  find,  that  although  Sweden borg,  as  far  back  as  1719,  made  some  observations,  Laateyrie  (Trawls  in  Sweden 
and  Norway,  1799  and  1800)  gave  the  earliest  clear  ideas  of  the  weather  and  lee  side  of  the  rock*.  Sefstriim  first 
published  in  183(5.  Nordcnskiold  has  in  the  last  year  added  some  data  from  Russian  Lapland  to  those  col- 
lected by  Bohtlingk,  whose  observations  respecting  the  excenlric  shedding  off  of  the  blocks  he  has  completely  con- 


556 


VIEWS  OF  SCANDINAVIAN  AUTHORS. 


To  those  who  have  read  our  description*  and  reasoning  in  this  and  the  preceding  chapter,  it  is  needles*  to  say, 
that  the  hypothesis  of  the  melting  of  snows  in  the  high  lands  of  Scandinavia,  as  applied  to  the  rejection  of  Sef- 
strom's  theory,  is  a  terrestrial  agent,  which  can  have  no  sort  of  application  to  the  subaqueous  conditions  whereon 
wc  have  insisted.  Wc  have  expressed  our  belief,  that  the  boulder  drift  resulted  from  sudden  elevation*  (perhaps 
many)  of  the  axis  of  Scandinavia,  accompanied  by  environing  lateral  depressions  of  great  depth  ;— such,  for  example, 
as  placed  all  northern  Germany  and  the  Valdai  Hills  far  beneath  the  surface  of  the  water* ; — whilst  the  waves  of 
transport  generated  by  each  great  oscillation,  hurled  on  separate  masse*  of  subjacent  drift  in  eicearric  or  radiating 

the  form  of  the  Swedish  rocks,  wr  cannot  see  how  the  rugged  and  vertical  sides  (fig.  d )  should  have  been  produced 
by  the  action  of  the  sea,  since  he  admits,  iu  another  part  of  his  tetter,  that  "  the  materials  of  the  osars  are  certainly  the 
agents  which  scratched  the  surface."  Now.  the  striated  sides  are  those  which  have  been  opposed  to  the  line  of  drift, 
which  has  invariably  polished  and  worn  them,  whilst  the  opposite  or  rugged  side*  never  exhibit  any  appearances  of 
marine  or  detrital  action.  Nor  can  we  admit  that  the  rocky  "  .kars"  so  affected,  have  invariably  the  tame  mathe- 
matical form ;  for,  according  to  our  observation  in  Sweden,  the  curve  of  their  surface  on  the  worn  side  is  various, 
whilst  the  rugged  face  is  sometimes  a  very  sloping  natural  broken  talus,  as  in  the  drawing  below,  at  other  times  a 
vertical  cliff,  as  he  has  drawn  it  above,  particularly  in  certain  islets  near  Gotten  burg,  which  are  now  washed  by 
the  sea.  We  still,  therefore,  retain  our  opinions  as  expressed  in  the  text,  that  the  abrasion  and  striation  of  the 
surface  were  caused  by  the  pesmgr  of  muses  0/  drift,  motwi  ta  mrnlrie  dirrctimu  uilk  rrftmcr  to  tht  tholt  ore* 
offrrttd.  Thus  we  explain  any  local  deviation*  from  what  may  be  considered  the  normal  or  grand  line*  of  drift, 
and  even  (as  must  be  the  cam;  whenever  powerful  current*  have  been  set  in  motion  by  various  oscillation*  of  the 
land,i  how  several  systems  of  stria;  may  occasionally  be  found  to  cross  each  other,  a*  has,  indeed,  been  found  to  be 
the  case  at  Alien  by  Siljcstrom  and  at  Fax  or  by  Forchhammer  (see  Vetcn*.  Handling.,  Stockholm,  1843,  and 
Proc.  Koy.  Soc.  of  Copenhagen,  18*3). 

By  another  letter  received  from  Professor  Forchhammer,  since  our  preceding  sheets  were  printed,  we  find  that  we 
had  misinterpreted  one  of  his  views  (p.  542),  and  that,  like  ourselves,  when  accounting  for  the  production  of  the 
northern  detritus,  he  believe*  that  period*  of  violent  upheaval  and  depression  have  alternated  with  tranquil  epoch* 
(sec  his  memoir,  Poggendorf's  Ann.,  1843).  He  has  further  communicated  to  us  some  curious  fact*  illustrating  the 
present  action  of  icebergs  and  the  transport  of  blocks,  which  will  be  cited  in  the  Appendix.  In  the  meantime  we 
may  say  that  our  theory  differs  from  hi*  and  that  of  any  author  who  has  written  upon  Scandinavia,  in  referring 
such  phenomena  to  waves  of  translation,  on  whose  powers  of  transporting  subjacent  heavy  masses  of  loose  material* 
we  base  our  chief  conclusions  respecting  the  rounded  Scandinavian  drift,  the  wearing  away  and  striation  of  the 
rocks ;  whilst  the  large  subangular  erratics  were,  wc  think,  carried  by  floating  icebergs,  which  in  grating  along 
the  sea- bottom,  stay  hot-  aha  matched  the  rocky  nrfaet. 
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Ob  Wliilnt  these  paces  are  passing  through  the  press,  a  memoir  has  been  read  by  Mr.  A.  F.  Macintosh  (before 

the  Geol.  Soc.  of  London),  "  On  the  »upposed  evidence  of  glacier*  in  North  Wales,"  in  which  he  combats  the 
hypothesis  of  !>r.  Buckland  (see  p.  550),  and  showing,  like  ourselves,  that  the  detritus  had  been  accumulated  under 
water,  endeavours  to  prove  (extending  an  idea  of  Mr.  Bowman),  that  nearly  all  these  groovings  and  stri*  around 
Snowdon.  which  liad  been  referred  to  the  action  of  glaciers,  arc  due  to  linn  of  afrsjuAue  in  the  rocks  and  atmo- 
spheric agency.  We  may  again  allude  to  this  point  in  the  Appendix,  now  simply  stating  that  the  greater  number  of 
the  deviously  parallel  scratches  on  the  worn  surface  of  the  hard  crystalline  rocks  of  the  north,  are,  in  our  opinion, 
clearly 
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CHAPTER  XXII. 


The  Black  Earth  or  Tchornozem  of  Central  and  Southern  Russia  shown  to  be  a  Sub- 
aqueous Formation. — Modern  Terrestrial  Changes. — Peculiar  state  of  the  surface  of 
Russia  during  the  Spring  Debacles. — Action  on  Ice  of  Rivers  and  Lakes  in  throwing 
up  Ridges  of  Stone. — Great  Annual  Denudation  of  the  Subsoil. — Enormous  Deltas 
and  new-formed  Lands.— Changes  operated  by  Man,  compared  with  Geological 
Phenomena.— Resume'  of  the  chief  Objects  attained  in  this  Work,  and  Conclusion. 

NOTWITHSTANDING  the  long  descriptions  already  given  of  the  subaqueous 
accumulations  which  encumber  the  surface  of  Russia  in  Europe,  we  have  still  to 
speak  of  a  widely-spread  superficial  deposit,  which  must  be  referred  to  a  similar 
origin.  This  is  the  "  Tchornozem"  or  black  earth,  which,  for  the  extent  of  its  uni- 
formity in  colour  and  composition,  is  without  parallel  in  Europe.  Having  had  the 
opportunity  of  tracing  the  relations  of  this  peculiar  earth  over  wider  tracts  than 
most  modern  observers,  we  have  thrown  together  a  few  remarks  which  may  serve 
to  explain  the  range  and  extent  of  the  deposit,  its  relations  to  the  physical  features 
of  the  land,  its  chemical  composition,  and  the  theory  of  its  origin. 

The  "  tchornozem  "  has  its  northernmost  limit  defined  by  a  waving  line,  which, 
passing  from  near  Kief  and  Tchernigof,  a  little  to  the  south  of  Lichvin,  appears  in 
the  54°  of  north  latitude  in  that  tract,  then  advances  in  its  course  eastward  to  the 
57°,  and  occupies  the  left  bank  of  the  Volga  west  of  Tcheboksar,  between  Nijny 
Novogorod  and  Kazan.  In  approaching  the  Ural  chain,  we  saw  no  black  earth  to 
the  north  of  Kazan,  but  it  was  plentiful  on  the  Kama  and  around  Ufa.  Again,  on 
the  Asiatic  or  Siberian  side  of  the  Ural  mountains,  we  travelled  through  one  large 
mass  of  it  near  Kamensk,  south  of  the  Issetz  river  in  latitude  56°  north,  and,  as 
before  observed,  through  another,  between  Miask  and  Troitsk.  Of  its  limits  in 
the  great  Siberian  plains  we  cannot  speak  from  personal  observation,  but  we  were 
given  to  understand,  that  it  spreads  over  considerable  spaces  in  the  eastern, 
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central  and  southern  parts  of  that  region.  Although  we  met  with  it  occasionally 
in  the  low  gorges  of  the  chain,  and  in  the  Bashkir  country  on  both  flanks  of  the 
southern  Ural  (in  plateaux  more  than  1000  feet  above  the  sea),  and  also  in  the 
steppes  of  the  Kirghis,  we  did  not  see  it  in  the  plains  near  Orenburg,  nor  to  the 
south  of  that  city.  Wc  know,  indeed,  that  it  does  not  exist  in  the  flat  southern 
steppes  extending  to  beyond  Illetzkaya  Zastchita  and  between  that  place  and  the 
mouth  of  the  Volga  ;  for  there  the  surface  is  strewed  with  fine  submarine  detritus 
containing  numerous  shells  of  the  same  species  as  those  which  now  inhabit  the 
adjacent  Caspian.  In  short,  wc  apprehend,  that  the  true  black  earth  occupies 
small  tracts  only  of  the  area  once  overspread  by  the  great  Caspian  of  former 
epochs  (see  p.  299).  Nor  did  we  meet  with  any  black  earth  to  the  south  of 
Tzaritzin  on  the  Volga,  in  the  steppes  of  the  Kalmucks  between  that  place  and 
the  mouth  of  the  Don ;  nor  indeed,  except  in  very  limited  patches,  along  the  Sea 
of  Azof,  or  in  other  words,  on  the  southern  face  of  that  elevation  between  the 
Dnieper  and  the  Don,  which  constitutes  what  is  commonly  called  the  granitic 
steppe.  It  occurs,  however,  in  great  thickness  on  the  plateaux  on  the  northern 
side  of  that  axis,  where,  as  it  really  surmounts  the  carboniferous  limestone  with 
many  seams  of  coal,  a  geologist  who  had  not  observed  it  in  other  places  might,  at 
first  sight,  be  led  to  suppose,  that  the  black  matter  was  due  to  the  decomposition 
of  the  subjacent  carbonaceous  strata1.  It  lies,  however,  upon  rocks  of  all  ages, 
and  the  greatest  masses  are  included  in  the  territories  thus  roughly  defined. 
Geologically  considered,  therefore,  the  tchornozem  occupies  the  centre  of  a  trough, 
large  as  an  European  empire,  having  the  detritus  of  the  crystalline  and  older  rocks 
for  its  northern,  and  the  low  granitic  steppes  and  Caspian  deposits  for  its  southern 
limits. 

It  is  found  at  all  levels  in  European  Russia,  sometimes  on  plateaux,  as  on  the 
right  bank  of  the  Volga,  high  above  the  adjacent  plains,  in  various  parallels,  from 
:yft\°  north  latitude  to  the  high  grounds  extending  to  Saratof,  and  at  heights  of  not 
less  than  400  feet  above  the  valleys  ,  in  other  places  on  undulations,  and  often  in 
broad  valleys,  where  the  rivers,  having  cut  through  the  deposit,  expose  its  thick- 
ness on  their  banks.  In  the  country  where  the  southern  limits  of  the  northern  sub- 
aqueous drift  are  traceable,  it  is  interesting  to  observe,  that  the  no  them  materials, 
reduced  to  small  size  and  mixed  with  local  debris,  are  succeeded  if  not  overlapped 
by  the  black  earth.  In  one  spot,  however,  near  Voroneje,  we  observed  northern 
1  For  description  of  these  coal-fields  see  p.  92  tt  seq.,  and  PI.  I. 
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erratics  superimposed  on  the  black  earth,  a  fact  which  agrees  with  our  views  of  the 
subaqueous  origin  of  both. 

The  black  soil  docs  not,  however,  occupy  all  the  vast  country  alluded  to.  It 
occurs,  indeed,  in  separate  areas,  sometimes  covering  several  large  districts,  and 
varies  from  a  few  feet  to  1 5  or  20  feet  in  thickness.  In  travelling  over  these  black 
tracts  in  a  dry  summer,  we  were  often,  during  a  whole  day,  more  or  less  surrounded 
by  a  cloud  of  black  dust,  arising  from  the  dried-up  tchornozem,  which  is  of  so 
subtile  a  nature  as  to  rise  up  through  the  sod,  in  rich  grass  countries,  under  the 
stamp  of  the  horse's  feet,  and  forms  so  dense  a  cloud,  that  the  traveller  is  often 
begrimed  like  a  working  collier. 

The  tchornozem  is  unquestionably  the  finest  soil  in  Russia,  whether  for  the 
production  of  wheat  or  grass.  It  is  so  fertile  as  arable  land,  that  the  farmers  never 
apply  manure ;  and  after  taking  many  crops  in  succession,  leave  it  fallow  for  a 
year  or  two,  and  then  resume  their  scourging  treatment  \ 

On  fracturing  a  hardened  lump  of  this  earth  which  we  extracted  from  beneath 
10  to  12  fect  of  similar  earth,  all  jet-black  when  moist,  and  which  we  had  kneaded 
together  to  bring  away,  it  offered  in  its  dry  state  a  slightly  ferruginous  brown  tint ; 
and  we  further  perceived,  that  besides  the  black  matrix,  grains  of  lighter-coloured 
sand  were  interspersed.  Having  submitted  a  portion  of  the  mass  to  Mr.  R.  Phil- 
hps,  he  has  obligingly  furnished  us  with  this  analysis  : — 

Silica   69-8 

Alumina   13'5 

Urae    IS 

0«id«ofiron   7 

Organic  matter   14 

Traces  of  humic  acid,  sulphuric  acid,  chlorine.  4c.  11 

100 

Dr.  Daubeny,  who  has  also  interested  himself  in  the  examination  of  this  black 
earth,  and  has  detected  about  the  same  proportion  of  organic  matter  as  that  noticed 
by  Mr.  Phillips,  thus  expresses  himself: — "  The  possession  of  a  deep  soil,  easily 
penetrated  by  the  roots  of  plants,  and  containing  so  large  a  per-centage  of  mild 
humus,  would  alone  impart  great  fertility." 

1  On  this  head  we  can  now  say  no  more,  and  must  refer  our  readers  to  vol.  iii.  p.  1 .  of  the  Trans- 
actions of  the  Royal  Agricultural  Society  of  England,  where  we  have  enlarged  upon  the  productive  quali- 
ties of  this  soil. 
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The  French  agricultural  chemist,  M.  Payen,  who  analysed  a  portion  of  the 
black  earth  at  our  request,  says : — "  The  composition  of  this  earth  is  remarkable 
for  the  proportion  of  axotized  matter  which  it  contains.  The  connexion  between  this 
earth  and  the  organic  substance,  when  the  latter  is  so  rich  in  nitrogen,  appears 
to  me  to  be  essentially  one  of  the  surest  indications  of  the  fertility  of  soil,  other 
conditions  of  chemical  properties  and  mineral  composition  being  favourable.  In 
this  respect,  and  according  to  my  compared  analyses,  the  earth  in  question  ap- 
proaches very  near  to  two  of  the  most  fertile  soils  of  France,  that  of  the  Limagne 
d'Auvergne  (valley  of  the  Upper  Loire)  and  that  of  the  neighbourhood  of  St.  Denis, 
near  Paris,  notably  in  the  farms  of  Marville  and  Stains." 

The  analyses  of  these  able  chemists  afford  us  nearly  the  same  results  as  to  the 
proportions  of  the  earthy  constituents,  whilst  we  learn  from  M.  Payen',  that  the 
unusually  large  quantity  of  nitrogen  in  the  carbonaceous  portion  of  the  black 
earth  may  be  the  principal  cause  of  its  fertility.  It  would  seem,  however,  that 
without  a  close  attention  also  to  the  mechanical  aggregation  as  well  as  the  compo- 
sition of  soils,  it  muBt  be  very  difficult  to  estimate  their  fertilizing  powers.  Thus 
some  of  the  poorest  lands,  as  dissimilar  in  colour  as  in  produce  from  the  tchor- 
nozem,  have  almost  to  minute  quantities,  the  same  proportions  of  sand,  clay,  iron 
and  vegetable  matter.  It  is  therefore,  we  believe,  the  extremely  fine  levigation  of 
the  silica,  enabling  that  substance  so  to  combine  with  the  alumina  as  to  form  a 
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100  terre  =  6  95 


Solubles  dan.  l  ac.  chlorhyd.  bouillant  =  13-79  , 
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C-95 

'Alumine 

5-04 

Ox.  de  fer 

5-62 

Chaux  . 

0-82 

Magneue 

0-98 
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141 
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Alumine  . 
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niquc  = 

M.  Payen  indicate,  the  presence  in  100  part,  of  the  original  earth  of 

organic  matter  6-95,  containing  2  45  nitrogen  ! 

4-140  gramme,  of  the  earth  yield  9-498  attic  centimetres  of  nitrogen  or  azotic  go,. 
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peculiar,  loamy  permeable  clay,  which,  with  the  aid  of  its  combined  nitrogen, 
renders  this  soil  60  eminently  productive. 

When  we  speculate  on  the  probable  origin  of  the  tchornozem,  the  first  im- 
pression might  be  (what  is  indeed  the  prevalent  opinion  in  Russia), — that  it  is  the 
humus  arising  from  decayed  forests  or  vegetables  during  the  present  period.  But 
we  entirely  dissent  from  this  opinion ;  judging  from  the  uniform  nature  of  the  soil, 
its  distribution  at  all  levels,  and  also  that  in  no  part  of  the  empire  does  it  ever 
contain  a  trace  of  trees,  roots,  or  vegetable  fibre.  It  is  in  vain  to  say,  that  such 
terrestrial  vegetables  may  have  been  entirely  decomposed ;  for  in  the  denuda- 
tions which  expose  1 5  to  20  feet  of  this  matter,  some  remains  of  the  plants  would 
surely  be  found  in  the  lowest  parts  of  the  solid  earth,  just  as  we  find  roots  and 
branches  of  oak,  pine,  birch,  and  hazel  in  our  peat  bogs.  We  would  also  add, 
that  if  the  black  earth  had  been  produced  by  the  decay  of  trees,  traces  of  it 
would  certainly  be  found  in  northern  Russia,  where  forests  have  so  long  existed. 
But  in  no  part  of  northern  Russia  (large  portions  of  which  have  been  cleared  and 
converted  into  arable  land)  is  there  a  vestige  of  black  earth,  whilst  it  specially 
abounds  to  the  south  of  a  certain  line,  or  exactly  in  those  extensive  and  steppe-like 
undulations,  which  have  been  void  of  trees  throughout  all  known  time. 

Recognizing  the  great  extent  and  uniformity  of  the  tchornozem  at  various  ele- 
vations, Mr.  Strangways  indicates  its  existence  at  intervals  from  the  Volga  to  the 
tracts  near  the  mouth  of  the  Danube,  and  even  to  Podolia  and  East  Galhcia1.  He 
further  remarks,  that  in  Podolia  it  yields  a  large  quantity  of  nitre,  and  that  though 
more  sparingly  distributed  in  the  lower  steppes  of  the  Caucasus  than  in  the  higher 
plateaux,  this  mould  is  found  to  the  east  of  the  Sea  of  Azof,  t.  e.  between  that  sea 
and  the  Caspian,  and  chiefly  near  the  mouths  of  the  rivers  Kuban  and  Terek  and 
around  the  salt  marshes,  near  the  edges  of  which  the  tchornozem  is  covered  with  a 
saline  efflorescence  having  a  disagreeable  odour. 

Now  if,  from  these  facts,  it  be  impossible  to  adopt  the  hypothesis  of  simple  ter- 
restrial origin,  and  that  we  consider  it  a  subaqueous  deposit,  with  what  known 
accumulation  shall  we  compare  the  black  earth  ?  Is  it  to  be  placed  in  parallel  with 
the  finely  levigated  silt  which  the  Germans  call  loss,  or  with  the  upper  diluvial 

1  MS.  read  before  the  Geo!.  Soc.  of  London,  anno  1824.  In  his  valuable  observations,  Mr.  Strang- 
ways,  whose  botanical  knowledge  is  well  known,  also  repudiates  the  prevalent  idea,  that  this  black  mould 
can  have  been  derived  from  the  decomposition  of  forests.  "  The  character  of  the  black  mould  being  every- 
where the  same,  it  is  difficult  (he  says)  to  imagine  that  the  same  plants  ever  grew  in  so  many  situations 
with  such  opposite  aspects,  on  such  different  soil*  and  over  to  vast  a  surface." 
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mud  which  in  Belgium,  France  and  Germany  is  said  to  bound  the  northern  drift? 
Though  this  comparison  is  made  by  M.  A.  Erman,  and  has  been  alluded  to  by 
M.  E.  de  Beaumont ',  we  conceive  that  it  still  requires  some  modification  and  expla- 
nation. With  the  ordinary  dUuvial  or  drift  clay  the  black  earth  has,  indeed,  little  in 
common  5  for  it  does  not  contain  a  single  transported  pebble.  Besides,  it  is  never 
mixed  with  that  drift  which  occupies  such  large  tracts  of  northern  Russia.  Again, 
the  composition  of  the  tchornozem  is  most  distinct  from  the  loss  of  Germany, 
which  light-coloured,  sandy ,  calcareous  mass,  is  abundantly  filled  with  terrestrial  and 
lacustrine  shells  in  perfect  preservation,  clearly  indicating  that  it  was  accumulated 
ou  the  sides  of  ancient,  wide,  lacustrine  rivers,  which  were  barred  up  so  as  to  form 
lakes  in  the  way  described  by  Mr.  Lyell,  just  before  the  present  configuration  of  the 
land  was  completed.  The  fact,  also,  that  the  loss  has  not  yet  been  seen  on  high 
plateaux,  but  occupies  the  sides  and  bottoms  of  great  valleys,  is  in  itself  sufficient 
to  prove,  that  although  it  may  have  been  accumulated  at  nearly  the  same  epoch, 
it  cannot  be  considered  the  exact  equivalent  of  the  tchornozem,  which,  containing 
no  terrestrial  and  fluviatile  remaius,  is  found  at  all  levels  without  any  relation  to 
the  existing  form  of  the  land. 

Debarred,  by  the  absence  of  any  portions  of  plants  in  its  composition,  from  re- 
ferring it  to  the  decay  of  vegetation,  and  unable,  from  its  mineral  peculiarity  and 
the  absence  of  organic  remains,  to  compare  it  with  any  known  deposit,  let  us  see 
whether  the  subaqueous  condition  of  Russia  at  a  comparatively  recent  period,  of 
which  we  have  just  spoken,  may  not  help  us  to  solve  the  problem. 

In  no  part  of  the  great  region  occupied  by  the  coarse  northern  drift  is  there  a 
trace,  as  before  stated,  of  the  tchornozem,  though  yellow  and  white  sands  and 
stiff  clays  abound,  the  latter  constantly  charged  with  some  transported  pebbles. 
Extending  then  as  far  southwards,  as  currents  or  icebergs,  to  which  we  have  for- 
merly referred,  would  transport  them,  it  is  very  natural  to  suppose  that,  where 
the  northern  boulders  ceased  to  advance,  the  bottom  of  the  then  sea,  remote  from 
any  disturbing  force,  would  become  covered  with  fine  silt  or  mud,  such  as  we  know, 
from  the  soundings  of  hydrographers,  is  often  found  beneath  mediterranean  waters, 
far  removed  from  the  action  of  strong  running  water. 

If  its  origin  be  thus  marine,  we  think  it  highly  probable,  that  this  fine  silt  may, 
to  some  extent,  have  been  derived  from  the  destruction  of  the  black  Jurassic  shale, 

1  See  Comptca  Rendu*,  1841,  p.  1223,  including  observations  upon  a  notice  of  the  tchornozem  by  our 
friend  the  Baron  A.  de  Meyendorf. 
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so  uniform  in  its  colour  over  all  northern  and  central  Russia.  By  reference  to  the 
Map  it  will  appear,  that  this  shale,  which  formerly  must  have  had  a  vast  extension, 
has  heen  most  widely  denuded.  Nor  could  it  have  been  otherwise,  when  exposed 
to  those  powerful  currents  (which  as  the  superior  stratum  it  must  have  been)  that 
carried  southwards  the  northern  materials.  Such  currents  may  then,  we  believe, 
have  moved  on  this  fine  sediment  in  solution  to  the  very  extremity  of  their  in- 
fluence, and  thus  transported  it  southward  of  the  limit  of  the  northern  boulders. 
There  is  another  reason  for  supposing  that  the  Jurassic  shale  has  furnished  a  por- 
tion of  the  materials  for  the  tchornozem,  in  the  absence  of  that  earth  to  the  south 
of  certain  tracts  where  we  have  reason  to  think  that  the  former  has  never  existed. 
In  truth,  it  is  in  this  respect  exactly  like  the  northern  drift  of  Russia,  which  inva- 
riably contains  many  materials  of  the  formation  immediately  north  of  it.  Now,  as 
there  neither  is  nor  has  been  much  Jurassic  shale  north  of  Moscow,  but  abundance 
in  the  environs  of  that  city,  so  it  is  only  on  passing  the  plateaux  to  the  south  of 
that  parallel,  that  we  find  the  first  great  spread  of  this  singular  black  material. 

But  even  if  this  explanation  of  the  chief  derivation  of  the  black  earth  be  accepted 
in  regard  to  European  Russia,  there  are,  we  admit,  difficulties  respecting  great  masses 
of  it  in  southern  Siberia,  over  which  no  northern  current  transporting  blocks  has 
certainly  ever  swept.  Granting,  however,  that  the  Siberian  black  earth  had  equally 
a  marine  origin,  may  not  its  materials  have  been  carried  northwards  round  the 
south  end  of  the  Ural  chain  ?  Or  may  not  a  large  portion  of  the  low  grounds  of 
Siberia  have  been  then  under  the  waters  of  large  lakes,  whose  bottoms  would 
necessarily  be  muddy,  as  the  whole  region  is  void  of  coarse  detritus  ? 

Forbearing  to  speculate  with  our  present  knowledge  upon  the  probable  extension 
of  bays  of  the  ancient  sea  into  those  parts  of  Siberia,  we  cannot  avoid  alluding  to 
a  striking  analogy  between  the  deposition  of  the  rich  cotton  soil  of  Hindostan  and 
our  Russian  tchornozem.  We  learn  from  Captain  Newbold,  who  described  the 
"Regur"  or  Indian  cotton  soil  some  years  ago1,  that  it  is  a  dark-coloured  silt 
which  occupies  the  summits  of  plateaux  at  various  elevations,  and  is  spread  out  in 
separate  broad  masses,  from  the  northern  part  of  central  India  to  the  south  of  Tri- 
chinopoly,  but  is  unknown  on  the  coasts.  This  Indian  earth  bears,  indeed,  a  re- 
markable geological  affinity  to  that  of  Russia  in  being  never  found  to  the  north,  or 
along  the  low  country  under  the  Himalaya  Mountains,  the  great  source  of  all  the 
gravelly  detritus  of  that  peninsula.  In  Hindostan  therefore,  we  believe,  that  this 
1  Sec  Records  of  the  Royal  Society.   The  memoir  was  not  printed. 
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earth  was  originally  marine  silt,  which,  like  the  tchornozem  of  Russia,  had  been 
transported  beyond  the  reach  of  coarser  detrital  influences'. 

The  absence  of  any  marine  shells  in  this  fine  Russian  sediment  is,  it  is  true,  a 
negative  fact,  which,  if  unaccompanied  hy  explanation,  might  indispose  some 
persons  to  admit  our  hypothesis.  We  must,  however,  bear  in  mind  that,  after  their 
emersion,  the  low  central  parts  of  this  empire,  if  but  slowly  elevated,  may  have 
long  continued  in  an  intermediate  state  of  mire  with  little  egress  for  water ;  so  that 
the  remains  of  delicate  testacea  and  sea-weeds  (if  they  formerly  existed)  may  have 
been  entirely  decomposed  by  the  alternations  of  aqueous  and  atmospheric  agency. 
However  this  may  have  been,  we  cannot  look  at  the  very  great  uniformity  of  its 
composition  over  such  vast  tracts,  and  its  independence  of  existing  drainage, 
without  rejecting  any  theory  which  would  explain  the  production  of  the  tchornozem 
by  subacrial  and  existing  causes  only,  and  we  therefore  refer  its  origin  to  aqueous 
deposit,  and  the  subsequent  modifications  which  the  surface  underwent,  when  passing 
into  a  terrestrial  condition,  long  anterior  to  its  occupation  by  the  human  race*. 

1  In  aspect,  however,  as  well  as  in  composition,  the  specimens  of  "  Rcgur  "  which  tee  June  MM,  differ 
essentially  from  the  tchornozem  in  not  being,  by  any  means,  so  black,  in  containing  much  coarser  grains 
of  rand  (even  pebbles),  and  also  calcareous  (tufaccous)  concretions,  which  are  attributed  by  Captain  New- 
bold  to  springs  rising  from  the  subjacent  rocks. 

*  Wc  are  not  prepared  to  say  to  what  extent  the  productive  thick  humus  of  the  southern  steppes  and 
of  Wallachia  and  Moldavia  may  be  referred  to  the  same  period  of  accumulation  as  the  tchornozem,  but  in 
a  calculation  of  the  productiveness  of  the  South  Russian  soil,  M.  Ritter  evidently  groups  all  these  tracts 
with  the  black  earth.  If  the  rich  southern  soil  be  analogous  to  the  black  earth,  we  of  course  entirely 
dissent  from  M.  Huot,  who  state*  that  its  formation  commenced  at  the  epoch  when  the  first  human  so- 
cieties were  established,  and  has  been  continually  increasing,  and  further,  that  it  contains  intact  vegetable 
matter.  This  description  will  in  no  respect  answer  to  that  of  the  tchornozem,  in  which  neither  Pallas,  nor 
Strangways,  nor  ourselves  have  been  able  to  trace  any  vegetable  fibre,  and  which,  for  all  the  reasons  above 
adduced,  could  not  have  been  formed  in  the  present  period.  (Sec  DemidofFs  Voyage  dans  la  Russie  Mer.. 
vol.  ii.  p.  460  el  scj.) 

Nor  can  we  agree  with  M.  Huot,  that  the  total  absence  of  trees  in  southern  Russia  and  the  steppes  is 
due  to  any  political  causes,  or  to  the  wood-destroying  habits  of  the  nomadic  tribes,  who  have  for  so  many 
ages  occupied  those  regions.  The  absence  of  trees  over  certain  flat  and  steppe-like  regions  of  Asia  is 
universal,  whilst  similar  tracts  in  northern  climes  are  specially  covered  with  forests.  This  distribution 
results  from  general  conditions  of  climate ;  and  the  want  of  dew,  to  which  the  inhabitant  of  South 
Russia  attribute  the  want  of  wood,  seems  to  us  to  be  a  much  better  reason  than  that  of  M.  Huot.  At  all 
eventt  we  utterly  disbelieve  in  the  former  existence  of  forests  which  have  been  destroyed  (for  Herodotus 
tells  us  that  large  tracts  of  the  Scythians  were  entirely  bare  of  wood),  and  we  are  firmly  persuaded,  that 
by  no  efforts  could  any  government  produce  forests  in  those  districts,  except  in  certain  rocky  and  moist 
spots. 
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But  whether  the  tchornozem  was  originally  the  residue  of  a  sea,  or  of  great 
internal  lakes,  we  specially  dwell  upon  the  probability,  that  during  the  elevation 
of  the  tracts  occupied  by  it,  the  mire  from  which  it  has  been  derived,  being  then 
in  a  putrescent  state,  acquired  its  nitrogen  and  possibly  in  part  its  colour,  from  the 
decomposition  of  aqueous  plants  and  microscopic  animals,  the  remains  of  which 
may  yet  be  looked  for.  Although,  therefore,  we  would  not  be  held  to  maintain, 
that  the  sea  necessarily  covered  all  the  tracts  now  occupied  by  black  earth,  or  that 
this  substance  was  necessarily  derived  from  the  black  Jurassic  shale,  we  distinctly 
assert,  that,  from  its  composition  and  distribution,  it  must  have  been  formed  under 
water. 

Modern  Changes  in  the  surface  of  Russia  in  Europe. — The  former  sea-bottoms  of 
European  Russia  having  been,  as  we  believe,  desiccated,  and  converted  by  elevation 
into  a  continent,  we  proceed  to  consider  the  changes  which  have  since  taken  place, 
and  are  still  occurring  on  the  surface  of  this  great  mass  of  land.  We  have  already 
slated,  that  the  scratches  on  the  rocks,  the  great  fissures  now  occupied  by  the 
northern  lakes,  and  the  course  of  the  remotely-drifted  materials  (as  far  as  the  flat 
regions  of  Russia  in  Europe  are  concerned),  have  nearly  all  common  and  undeviating 
directions.  During  the  modern  epoch,  however,  a  new  order  of  operations  has 
arisen.  The  detritus  ie  now  carried  down  in  every  direction  by  the  existing  water- 
courses, wherever  the  inclination  of  the  country  favours  such  transport.  In  truth, 
some  materials  which  were  formerly  transported  from  north  to  south,  are  annually 
carried  back  a  part  of  their  journey  to  the  north,  and  others  which  had  equally 
travelled  from  the  north,  are  borne  both  to  the  east  and  west.  The  banks  of  most 
of  the  rivers  in  northern  and  central  Russia  consist,  in  fact,  of  the  foreign  drift 
which  has  been  described ;  and  hence  it  is  evident,  that  on  mouldering  away,  these 
accumulations  must  fall  into  the  water,  the  northern  erratics  thus  often  becoming 
imbedded  in  the  winter's  ice.  In  the  spring,  when  the  ice  is  broken  up,  many  of 
these  blocks  are  occasionally  borne  in  small  floes,  which,  when  they  get  into  the 
central  current,  will  follow  the  stream  for  a  certain  distance,  until  stranding  on  its 
bottoms  or  sides,  they  melt  and  deposit  their  stony  loads.  The  protrusion  of  an 
irregularity  or  rock  in  the  bed  of  a  stream,  having  once  given  rise  to  the  accumu- 
lation of  such  materials,  the  impediments  to  navigation  are  periodically  increased 
by  the  accession  of  fresh  loads  of  boulders.  In  this  manner,  blocks  which  had 
been  transported  by  the  old  erratic  drift  to  the  edge  of  the  Valdai  Hills,  are 
brought  back  northwards  by  the  currents  of  the  Volkof  and  the  Msta.   The  great 
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Dwina  of  the  East  also  offers  examples  of  such  action  of  transport  from  south  to 
north,  whilst  the  Volga,  particularly  in  its  course  from  Mologa  to  Yaroslaf,  per- 
forms the  same  operation  in  another  direction,  when  flowing  from  north-east  to 
south-west.  These  river  beds  also  offer  an  analogy,  assisting  us  to  explain  why 
the  large  boulders  of  the  northern  drift  are  usually  found  associated  with  mud  or 
clay.  In  many  places  we  observed  them  to  be  accumulated  in  groups,  sticking  in 
the  mud,  just  at  the  high-water  mark,  and  where  they  would  naturally  be  left  at 
the  breaking  up  of  the  frost,  when  the  swollen  streams  flowing  at  high  levels,  the 
sharp  edges  of  the  ice  would  become  fastened  into  the  muddy  banks  until  they 
dissolved ;  whilst  the  same  masses  would  shoal  away  from  slopes  of  incoherent 
sand.  The  granitic  boulders  so  found  in  fluvial  detritus,  and  often  high  on  the 
sides  of  the  banks,  are  frequently  more  rounded  and  worn  than  those  mementos  of 
the  ancient  northern  drift  which  Ue  simply  on  the  surface  of  the  lands,  a  fact 
well-explained  by  the  river  blocks  having  undergone  subsequent  rolling  on  the 
river-sides. 

"  Elevated  FluviatUe  Ridges  of  Angular  Blocks." — Another  effect  of  fluvio-glacial 
action  must  now  be  explained.  Towards  the  mouth  of  the  Dwina,  and  about  110 
versts  above  Archangel,  the  white  carboniferous  limestone  before  described  occu- 
pies the  banks  in  horizontal  layers,  the  edges  of  which  are  partially  covered  with 
mud  and  sand.  The  limestone  is  best  seen  when  the  water  is  low,  as  at  the  period 
of  our  visit.  About  thirty  feet  above  the  summer  level  of  the  stream,  the  terrace 
on  the  river-side  is  covered  for  two  or  three  versts  by  a  band  of  irregularly  piled, 
loose  and  large  angular  blocks  of  the  same  limestone,  arranged  in  a  long  uniform 
ledge,  the  surface  of  which  slopes  both  to  the  river  and  to  the  roadway,  so  that  the 
view  of  the  stream  is  shut  out  from  the  traveller  by  this  ledge.  In  other  words, 
these  materials  (all  purely  local)  constitute  a  broken  ridge  of  stones  between  the 
road  and  high-water  mark.    A  woodcut  will  best  explain  these  appearances, 


showing  (a)  the  ancient  hillocks  of  sand  above  the  road-terrace,  which  is  partially 
covered  with  water  at  high  inundations,  (6)  the  ridge  of  broken  limestone,  (c)  the 
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sloping  river-bank,  and  (d)  the  summer  level  of  the  stream.  The  occurrence  of 
these  supra-riparial  ridges  of  angular  blocks  "  in  situ  "  is  thus  explained.  When 
the  Dwina  is  at  its  maximum  height  (f),  the  water  which  then  covers  the  edges  of 
the  thin  beds  of  horizontal  limestone  (/)  penetrates  into  its  chinks,  and  when 
frozen  and  expanded,  causes  considerable  disruptions  of  the  rock,  and  the  con- 
sequent entanglement  of  stony  fragments  in  the  ice.  In  the  spring,  the  fresh- 
swollen  stream  inundates  its  banks  {here  very  shelving! ,  and  upon  occasions  of 
remarkable  floods  so  expands,  that  in  bursting  it  throws  up  its  icy  fragments  to 
fifteen  or  twenty  feet  above  the  highest  level  of  the  stream.  The  waters  subsiding, 
these  lateral  ice-heaps  melt  away,  and  leave  upon  the  bank  the  rifted  and  angular 
blocks  (&),  as  evidences  of  the  highest  ice-mark'.  In  Lapland,  M.  Bohtlingk  has 
adduced  some  extraordinary  examples  of  this  sort  of  glacio-fluviatile  action  ;  for 
he  assures  us  that  he  there  found  large  granitic  boulders,  weighing  several  tons, 
actually  entangled  and  suspended  like  birds'-nests  in  the  branches  of  pine-trees  at 
heights  of  thirty  or  forty  feet  above  the  summer  level  of  the  streams. 

Elevated  Block  Ridges  on  the  Banks  of  Lakes. — Until  we  observed  the  angular 
and  elevated  block  ridges  on  the  banks  of  the  Dwina,  and  assured  ourselves  that 
ice  is  a  "vera  causa"  in  elevating  large  stony  masses,  we  had  great  difficulty  in 
explaining  the  origin  of  certain  ledges,  which  stand  at  higher  levels  on  the  western 
side  of  the  lake  of  Onega.  The  chief  of  these,  which  was  pointed  out  to  us  by- 
Colonel  Armstrong  of  Petrozavodsk,  occurs  on  the  slopes  of  the  hill  Kamenibor, 
and  is  composed  of  the  hard  quartzose  sandstone  or  altered  old  red  sandstone, 
described  in  the  fourth  chapter.  Lying,  as  nearly  as  we  could  guess  by  the  eye,  at 
about  200  feet  above  the  lake,  this  ledge  (6'),  as  represented  in  the  subjoined  section, 

1  Though  we  were  only  present  in  the  summer  reason,  and  therefore  could  not  witness  such  pheno- 
mena, we  have  before  us  a  description  of  an  extraordinary  lireaking-up  of  the  Dwina  at  Archangel  by 
our  kind  friend  Mr.  Whitehead,  Her  Britannic  Majesty's  Consul  at  that  port,  to  whom  we  had  written  on 
the  subject,  which  satisfies  us,  that  if  the  edge  of  the  river  there  consisted  of  jointed  thin-bedded  lime- 
stone, like  that  to  which  we  allude,  instead  of  the  fine  mud  and  sand,  which  alone  constitute  its  bank*, 
the  same  results  must  have  ensued  lower  down  the  stream.  Mr.  Whitehead's  account  is  as  follows :— '•  I 
wish  you  could  witness  such  a  brcaking-up  of  our  river  as  we  had  in  the  spring  of  1833.  In  the  course 
of  five  or  six  hours  Uie  water  rose  fourteen  or  fifteen  feet,  with  the  ice  one  compact  mass  upon  it.  Calcu- 
late the  enormous  pressure  of  such  a  body  of  water  with  the  impetus  of  such  a  current,  and  you  may. 
perhaps,  form  some  idea  of  the  crash  when  the  ice  did  give  way.  It  was  grand  in  the  extreme,  and  if 
we  could  calculate  upon  such  a  breaking  up  this  spring,  I  should  say  you  would  be  richly  repaid  by 
coining  to  see  it.  I  could  compare  it  to  nothing  but  the  roaring  of  artillery.  Blocks  of  ice  remained 
for  a  long  time  high  and  dry  upon  the  bank*." 
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is  about  twelve  or  fifteen,  feet  wide  in  its  central  part,  from  which  its  surface  gra- 
dually slopes  away  on  each  side,  so  as  to  leave  a  width  of  about  thirty  paces  for  its 
base.  It  is  composed  of  angular  blocks  (some  not  less  than  ten  and  twelve  feet  in 
their  greatest  diameter)  which  consist  exclusively  of  the  same  quartzose  sandstone 
as  that  which  constitutes  the  subsoil  on  which  they  lie.  The  sloping  surface  of  the 
Kamenibor,  still  higher  above  the  ledge,  presents,  it  is  true,  some  scattered  granitic 
boulders  (/),  but  we  could  not  detect  one  of  them  in  this  ridge  of  angular  blocks  of 
siliceous  grit.  To  consider  it  as  an  ancient  edge  of  the  lake  which  had  been  drained 
off  to  its  present  level,  appeared,  at  first  sight,  to  be  impossible ;  for  the  gigantic, 
angular  and  unworn  blocks,  only  slightly  covered  by  lichens,  and  piled  up  like  the 
broken  rocks  in  a  foreground  of  Salvator  Rosa,  were  totally  unlike  any  ancient  lake- 
banks  we  had  ever  seen.  They  were,  indeed,  wholly  dissimilar  to  the  parallel  roads  of 
shingle  at  Glen  Roy  in  Scotland,  which  several  geologists  have  attributed  to  lacustrine 
deposit'.  We  therefore  began  to  speculate  on  the  possibility  of  these  coarse  angular 
masses,  in  situ,  being  the  results  of  ancient  rents  caused  by  earthquakes,  which 
Assuring  the  strata  in  lines  parallel  to  the  lakes,  had  left  these  shattered  piles  in  their 
present  linear  form.  This  hypothesis  seemed,  however,  to  be  untenable,  both  from 
the  very  condition  of  the  blocks,  and  still  more  by  our  observing  two  lower  terraces 
[b  b)  formed  of  similar  materials,  and  lying  at  other  levels  between  the  higher  ledge 
and  the  shore  of  the  lake.  We  then  began  to  think,  that  although  unlike  anything 

'  No  subject  has  afforded  a  more  fertile  theme  for  discussion  than  the  shingle  terrace*  or  parallel  road* 
of  Glen  Roy.  Dr.  Macculloch,  Sir  G.  Mackenzie,  Sir  J.  Dick  Lauder,  and  Mr.  C.  Darwin,  haye  written 
largely  upon  them,  the  first  three  referring  them  (under  different  modification*)  to  lacustrine  deposit,  the 
Utter  to  submarine  influence,  when  these  tracts  were  fiords  or  ancient  estuaries.  In  this  last  opinion 
we  entirely  concur,  as  might  be  inferred  from  what  wc  have  said  in  the  previous  chapter  on  Scottish  drift  and 
gravel.  It  ought  further  to  be  stated,  that  when  Professor  Agassiz  visited  Glen  Roy  (anno  1840),  he 
considered  the  parallel  roads  to  have  been  formed  by  ancient  glacial  action,  suggeating  that  a  lofty  wall 
or  mountain  of  ice  had  barred  up  former  lakes,  which  were  drained  off  by  iU  disruption*.  Without  now 
entering  into  these  theories,  we  have  only  to  say,  that  our  cases  of  Petrozavodsk  and  the  Dwina  arc  very 
different,  indeed,  from  the  phenomena  of  Glen  Roy. 
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we  had  ever  seen  on  lake  or  river-banks  in  the  British  Isles  and  Western  Europe, 
the  three  ridges  must  be  connected  with  ancient  lacustrine  conditions,  and  that 
however  produced,  they  would  be  found  to  indicate,  that  in  former  periods  of  our 
own  a?ra  (long  subsequent  to  the  deposit  of  the  northern  blocks,  none  of  which, 
as  we  have  said,  are  found  in  this  local  detritus)  the  Lake  Onega  occupied  a  much 
wider  space,  and  stood  at  much  higher  levels  (ccc),  from  which  it  had  been  suc- 
cessively let  off  to  its  present  state.  The  modern  glacial  action  of  the  Dwiua  sub- 
sequently seen,  explained  to  us,  indeed,  very  perfectly,  how  during  more  extended 
glacial  action  on  its  banks,  the  vast  Lake  Onega  might  have  produced  the  more 
striking  ledges  of  Petrozavodsk  ;  and  thus  we  were  led  to  believe,  that  the  fresh- 
water lakes  of  the  interior  of  Russia  had  been  drained  off  at  intervals  by  successive 
elevations  of  the  land,  and  that  the  present  lakes  are  but  the  remnants  of  former 
and  much  more  extensive  waters,  which  stood  at  higher  levels.  A  traveller  from 
the  Alps,  well-versed  in  the  phaenomena  of  glaciers,  but  unacquainted  with  the 
peculiar  glacial  action  of  Russia,  especially  of  that  which  we  detected  on  the 
Dwina,  might  perhaps,  on  seeing  these  ledges  near  Petrozavodsk,  have  identified 
them  with  Swiss  "  moraines,"  and,  honestly  imbued  with  his  own  theory,  might 
have  so  written  as  to  lead  others  to  adopt  his  views.  Now,  we  refer  these  ledges 
to  a  natural  operation  common  to  the  extreme  climate  of  Northern  Russia,  which 
in  the  expansion  of  water  and  the  rupture  of  ice,  frequently  dislodges  whole  layers 
of  stone,  and  piles  tbem  up  in  a  broken  talus  above  the  ordinary  edge  of  the  lake 
or  river,  and  even,  as  proved  by  M.  Bohtlingk,  in  the  case  we  have  cited,  leaves 
large  blocks  suspended  in  the  lower  forks  of  the  trees.  In  furtherance  of  this  view 
it  may  be  stated,  that,  for  a  long  time,  all  European  Russia  must  have  been  much 
more  extensively  covered  with  water  than  at  present.  A  mere  inspection  of  the 
great  detailed  map  of  the  North  of  Russia,  in  which  so  many  lakes,  some  of  them 
already  half-dried  up,  are  laid  down,  would  lead  the  geographer  to  the  same  con- 
clusion. In  short,  geological  phenomena,  ancient  tradition  and  modern  history  all 
combine  to  establish  the  fact,  that  as  a  great  portion  of  the  flat  and  central  regions 
of  Russia  in  Europe  were  beneath  the  sea  at  a  very  recent  period,  so  the  depressions 
in  the  higher  and  rocky  lands  which  lie  to  the  north,  must  afterwards  have  been 
occupied  by  lakes,  the  waters  of  which  were  successively  let  off;  the  shallower  of 
such  depressions  having  been  in  many  instances  first  converted  into  marshes,  then 
into  forests,  tenanted  by  bears,  elks  and  other  wild  animals,  and,  lastly,  into  plains 
or  valleys  occupied  by  man. 
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Modern  Estuary  Phenomenon  explanatory  of  the  former  origin  of  Coal. — Besides 
these  proofs  of  successive  desiccation  and  change  of  outline,  the  North  of  Russia 
affords  examples  of  modern  accumulations,  some  of  which  throw  light  upon  the 
probable  origin,  in  more  ancient  epochs,  of  certain  beds  of  coal.  The  embouchure 
of  the  Dwina,  from  ten  or  twelve  miles  broad  at  Archangel,  is  studded  by  not  less 
than  250  small  wooded  islets,  the  sides  of  which  and  of  the  low  country  on  the 
left  bank  of  the  stream,  rise  only  to  the  height  of  a  few  feet  above  the  high  water- 
mark,  and  exhibit  numerous  alternations  of  fine  silt.    On  disembarking  at  that 
bank  near  the  post  station  opposite  to  the  city,  we  found  the  cliff  to  be  composed 
of  the  following  materials  in  descending  order: — 1st,  vegetable  soil  and  boggy 
woodland,  into  which  the  roots  of  living  trees  penetrated  ;  2nd,  clay  and  sand, 
alternating  in  fine  lamina?,  with  fragments  of  decayed  wood,  and  indicating  the 
deposit  by  the  river  ;  3rd,  bog  and  peat,  the  remains  of  a  former  decayed  vegetation, 
with  blackened  and  rotted  roots,  &c. ;  4th,  river  sand  repeated  ;  5th,  stiff  blue  clay, 
reaching  down  to  the  water's  edge.    Now  this  arrangement  seemed  to  us  very 
distinctly  to  indicate  the  alternation  of  river  freshes  or  inundations  with  periods 
of  dry  land,  on  which  vegetables  grew,  whilst  the  blue  clay  or  base  of  the  section 
might  represent  the  ancient  bottom  of  the  estuary,  contemporaneous  with  that  in 
which,  higher  up  the  Dwina,  we  had  found  the  post-pliocene  shells.  At  all  events, 
whatever  the  lower  blue  clay  might  be,  the  overlying  beds  offer  all  the  analogy 
which  we  reepjire,  in  order  to  account  for  the  phenomena  prevalent  in  some  of  our 
coal-fields,  of  the  alternation  of  certain  beds  of  coal  and  shale,  wherein  all  the 
vegetables  present  the  appearance  of  having  been  entombed  in  situ  with  other 
large  layers,  indicating  the  action  of  drift.    For  if  this  low  left  bank  were  sub- 
merged, and  its  materials  consolidated  by  long-continued  pressure,  we  might, 
doubtless,  anticipate  that  there  would  be  produced  two  distinct  carbonaceous 
masses,  one,  in  fact,  formed  out  of  vegetation  in  place,  whilst  the  other,  composed 
of  estuary  silt,  and  converted  into  carbonaceous  sandstones  and  shale,  would  con- 
tain, here  and  there,  fossil  stems  of  trees  which  had  been  drifted  by  the  stream, 
and  placed  irregularly,  either  athwart  the  strata,  or  laid  along  them  in  flattened 
masses. 

Modern  Ravines  or  "Avrachs."— There  are  no  superficial  features  in  Russia  more 
worthy  of  the  notice  of  geologists,  than  the  striking  fissures  which  are  from  year  to 
year  laid  open  in  the  earth,  and  often  proceed  to  great  depths  downwards,  not 
only  into  the' drift  and  ancient  alluvia,  but  also  into  the  true  subsoil.    Some  of 
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these  fissures  have  been  described  by  Mr.  Strangways,  and  the  region  in  which 
he  notices  them  near  Jurievetz  on  the  Volga,  and  Nijni  Novogorod,  is  that  where 
they  appeared  to  us  also  most  remarkable.  These  "  avrachs"  or  "  baltas"  of  the 
Russians  are  common  to  every  part  of  the  country,  where  high  plateaux,  essentially 
composed  of  soft  materials,  arc  flanked  by  valleys  at  some  depth  below  them.  The 
rapidity  with  which  they  are  widened  after  the  ground  has  once  begun  to  yawn,  is 
quite  surprising  to  those  who  have  been  accustomed  only  to  survey  the  trodden 
tracts  of  Europe,  and  other  parts  of  the  world. 

Central  Russia,  indeed,  has  been  shown  to  consist,  to  a  very  great  extent,  of  a 
series  of  undulations,  composed  of  incoherent  materials.  In  other  words,  it  is  a 
country  so  devoid  of  a  hard  framework,  that  the  vast  increment  of  clay,  sand,  or 
mud,  which  occupies  her  surface,  is  easily  denuded,  when  an  adequate  cause  is 
brought  into  play.  The  opening  or  Assuring  of  these  masses,  then,  is  first  due  to 
an  extreme  climate,  which  subjects  the  surface  to  intense  and  long  droughts,  alter- 
nating with  heavy  debacles,  arising  from  the  melting  of  thick  coverings  of  snow 
and  ice.  During  the  hot  and  parching  summers  the  argillaceous  grounds  necessa- 
rily split  into  rents,  and  wherever  these  occur,  they  are  necessarily  filled  in  winter 
with  great  accumulations  of  snow  and  ice.  The  thaw  of  the  succeeding  spring 
melting  these  bodies,  the  smallest  crack  of  the  previous  year  is  enlarged  into  a 
gulley,  which,  widening  as  it  approaches  the  steep  sides  of  the  bill,  becomes,  in 
a  few  seasons,  a  broad  and  deep  ravine,  through  which  the  melted  snow,  mud, 
sand  and  clay,  with  occasional  boulders  and  blocks,  are  transported  into  the  ad- 
jacent river.  It  is  the  conjunction,  therefore,  of  the  very  incoherent  nature  of 
the  upper  deposits  of  Russia  with  the  extremes  of  her  climate,  that  explains  the 
formation  and  rapid  extension  of  her  innumerable  ravines.  It  would,  indeed,  be 
a  curious  problem  to  ascertain,  to  what  extent  these  ravines  encroach  annually 
upon  the  best  arable  and  pasture  grounds  of  the  empire  (even  in  the  suburbs  of 
important  towns),  and  in  what  progression  this  waste  takes  place.  This  might  be 
approximately  ascertained,  by  measuring  the  rapidly  increasing  delta  in  the  Cas- 
pian near  Astrakhan,  at  the  mouth  of  the  Volga,  and  the  very  perceptible  silting 
up  of  the  Sea  of  Azof  by  the  contents  of  the  river  Don.  In  no  instance  have  we 
seen  any  means  adopted  to  check  this  continual  wear  and  tear,  by  which  million* 
of  tons  of  the  richest  soils  are  annually  destroyed,  and  carried  away  by  the  great 
rivers,  though  by  levelling  their  sides  and  filling  up  the  chasms  in  their  early  state, 
much  of  the  evil  might  be  averted.   We  may  here  also  mention,  that  it  is  owing 
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to  the  fissured  nature  of  the  sides  of  the  hills,  and  the  wide  mouths  of  these  gulleys, 
that  the  great  roads  of  Russia  pass  almost  invariably  over  the  very  highest  parts  of 
the  table-lands,  where  the  "  avrachs"  are,  comparatively  speaking,  small  or  rare. 
Instead  of  travelling  along  the  banks  of  the  great  water-courses,  as  would  be  the 
c  ase  in  western  Europe,  it  has  been  found  impossible  to  maintain  roads  along  these 
lower  levels, — first,  from  their  being  inundated  during  the  spring  season  ;  and, 
secondly,  by  the  innumerable  mouths  of  the  ravines,  which  defy  all  the  efforts  of 
bridge-makers,  and  are  for  ever  changing  their  courses  and  dimensions. 

In  the  mean  time,  though  by  unchecked  natural  processes,  the  finest  plateaux 
of  Russia  should,  in  the  lapse  of  ages,  be  levelled  with  the  plains,  yet  has  the 
geologist  to  thank  these  "  avrachs"  for  most  of  his  best  sections  ;  since  it  is  gene- 
rally near  their  mouths,  where  the  denudation  has  been  deepest,  that  the  parent- 
rock  or  true  subsoil  is  laid  bare. 

State  of  the  Surface  of  Russia  during  the  Spring  Floods.— Increase  of  Deltas  and 
Formation  of  new  Lands.— Mud  Volcanoes. — Elevations  of  Land,  &c. — The  great 
amount  of  change  which  Russia  has  experienced,  and  is  undergoing  by  the  degradation 
of  her  perishable  subsoil,  is,  as  we  have  said,  mainly  due  to  an  excessive  climate. 
The  enormous  volume  of  water,  by  which  large  portions  of  her  surface  are  still 
covered  at  every  annual  melting  of  the  snows,  can  scarcely  be  imagined,  except 
by  those  who  have  traversed  (we  may  say  sailed  over)  some  of  the  central  and 
southern  countries  in  the  spring  season,  when  to  the  eye  of  the  geologist  the  lands 
seem  to  be  emerging,  like  isles  and  promontories,  on  all  sides  from  beneath  the 
waters.  It  is  then  that  each  broad  valley  is,  for  six  weeks  or  more,  in  a  condition 
similar  to  that  which  we  can  imagine  to  have  been  the  state  of  England,  France 
and  other  countries,  when  their  streams,  instead  of  occupying  their  present  beds, 
were  lake-rivers  or  estuaries  of  great  width,  wherein  many  of  the  old  gravel  and 
sand-banks  of  geologists  were  accumulated,  and  in  which  the  bones  of  extinct 
mammals  are  found. 

The  height  of  the  waters  during  this  annual  inundation  can,  indeed,  be  exactly 
read  off,  wherever  any  great  stream  has  rocky  banks.  In  gorges  we  have  occa- 
sionally noted  the  spring  high-water  mark  as  having  been  forty  feet  above  the  dry 
summer  level ;  and  when  it  is  considered,  that  such  enormous  volumes  of  water 
have,  for  ages,  flowed  off  to  the  sea  through  deposits,  for  the  most  part  incoherent, 
we  can  well  account  for  the  vast  increase  of  the  deltas,  within  the  historic  period, 
at  the  mouths  of  all  the  chief  or  south-flowing  rivers. 
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So  great,  indeed,  must  have  been  the  increment  of  matter  in  the  Caspian,  the 
Black  Sea  and  the  Sea  of  Azof,  that  we  must  not  be  surprised  to  find  very  essen- 
tial distinctions  between  the  features  of  the  present  lands  near  the  mouths  of  such 
rivers,  and  those  which  prevailed  during  the  earlier  days  of  their  occupancy  by 
man.  Thus  freshwater  shells  common  in  the  Volga  have  been  found  at  about 
300  feet  below  the  city  of  Astrakhan,  which  is  thus  built  upon  the  mud  of  that 
river.  By  its  daily  increasing  delta,  the  Caspian  Sea  is,  indeed,  constantly  en- 
croached upon  and  diminished  in  area,  the  shallow  water  already  extending  to 
forty  and  fifty  miles  south  of  the  present  embouchure1.  Thus  also,  near  the  mouth 
of  the  Don,  the  formation  of  new  land  has  proceeded  very  rapidly ;  and  even  since 
the  commercial  port  of  Taganrog  was  founded  by  the  Empress  Catharine,  the 
waters  of  the  Sea  of  Azof  have  been  so  silted  up,  that  large  ships  cannot  now 
approach  within  eleven  versts  of  their  former  anchoring-ground. 

Again,  in  regard  to  the  Dnieper,  if  we  may  rely  upon  Herodotus,  who  personally 
examined  the  coasts  of  the  Black  Sea  between  that  river  and  the  Danube,  a  still 
greater  change  must  have  taken  place  in  its  relations  to  the  land.  The  father  of 
history  speaks,  for  example,  of  the  Borysthenes  (Dnieper)  having  two  distinct 
navigable  mouths ;  and  of  these  features  he  seems  to  have  been  an  eye-witness. 
The  easternmost  branch,  he  adds,  dividing  from  the  main  stream  a  long  way  up, 
fell  into  the  sea  to  the  east  of  the  race-course  of  Achilles  (the  Kosa  Tendra  and 
Kosa  Djarilgatch  of  our  maps) ;  whilst  he  further  speaks  of  two  intermediate,  in- 
land, but  navigable  streams,  one  of  which  united  with  the  present  river,  the  other 
with  the  lost  branch.  Whether  the  desiccation  and  stoppage  of  the  lost  branch  of 
the  Dnieper  has  been  occasioned  by  the  formation  of  fresh  land  at  its  mouth,  which 
occupying  a  portion  of  the  low  sandy  tract  between  the  mainland  and  the  Crima?a, 
eventually  forced  back  the  waters,  and  threw  them  into  the  present  stream  ,  or 
whether  the  operation  was  aided  by  a  rise  of  the  land  connected  with,  or  parallel  to 
the  great  lines  of  ancient  disturbance  in  the  Crimaea  and  the  Caucasus,  are  points 

'  These  new  lands  at  the  mouth*  of  the  great  south-flowing  Russian  stream*  are  marked  upon  our  Map. 
PI.  VI.,  in  a  peculiar  tint.  The  Sea  of  Azof,  near  Taganrog,  is  ten  to  twelve  feet  deep  only,  and  in  no  part 
of  it  do  the  soundings  exceed  forty-five  feet.  The  new  port  of  Bcrdiansk,  established  by  that  enlightened 
administrator  of  the  governments  of  New  Russia  and  the  Crimasa.  Count  If,  Woronzow,  is  one  of  the 
best  havens  in  the  Sea  of  Azof.  In  the  Caspian,  which  has  no  outlet,  observations  are  wanting  to  prove, 
whether  its  volume  of  water  is  rea//y  diminishing  by  an  evaporation  which  exceeds  the  annual  supply  of 
the  Volga. 
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which  it  would  require  an  assiduous  personal  examination  to  determine'.  For, 
however  the  produce  of  the  rivers  may  have  so  largely  encroached  upon  the  limited 
internal  seas  which  subtend  Russia  in  Europe,  both  on  the  north  as  well  as  on 
the  south  (St.  Petersburgh  being,  doubtless,  in  great  part  built  upon  river  silt 
of  modern  date),  we  must  also  look  to  elevation  as  a  cause,  which  has  actually 

1  We  are  indebted  to  the  researches  of  Professor  Henry  Maiden,  of  University  College,  London 
and  his  friendly  communication  of  them,  for  our  acquaintance  with  this  curious  point,  which  bears  so 
directly  on  modern  geological  or  ancient  historical  changes.  Referring  us  to  Herodotus  (B.  iv.  cc.  16, 
24,  54,  55,  56  and  76),  wherein  that  author  gives  a  minute  account  of  Scythia  and  the  Scythians,  partly 
from  his  own  observations,  partly  from  inquiries  instituted  in  the  country  itself,  the  learned  Professor, 
in  a  letter  addressed  to  Mr.  Murchison,  enters  at  some  length  into  an  analysis  of  the  interpretation  which 
can  be  put  upon  the  word*  of  the  historian,  who  during  his  travels  had  certainly  been  at  the  Greek  co- 
lony of  Olbia  on  the  Bug.  Though  there  is  internal  evidence  in  his  work,  that  Herodotus  travelled  over 
the  country  between  that  river  (Hypaxis)  and  the  Dnieper,  there  is  no  indication  of  his  having  crossed 
the  latter,  nor  of  bis  having  sailed  along  the  coast,  eastward  of  its  mouth,  since  he  speaks  of  the  race- 
course of  Achilles  in  such  a  manner,  as  to  show  that  he  had  not  seen  it,  whilst  he  does  not  seem  to  have 
been  aware  of  the  peninsulatcd  form  of  the  Crimns,  nor  to  have  had  any  accurate  knowledge  of  the 
isthmus  of  Perecop.  He  appears,  indeed,  to  have  had  an  exaggerated  notion  of  the  extent  to  which  the 
Dnieper  was  navigable  (to  Gerhi  140  days'  sail,  the  place  of  sepulture  of  the  Scythian  kings),  unless 
we  suppose  that  since  his  day  the  waters  of  that  stream  have  been  greatly  lessened,  and  its  cataracts 
formed  by  elevation  of  the  land.  Herodotus  speaks  positively  of  the  riTer  Gerrhus  being  parted  off  from 
the  Borysthenes  at  that  part  of  the  country  up  to  which  the  latter  river  was  known  ;  whence  flowing 
into  the  Hypacyris.  it  formed  the  boundary  between  the  pastoral  and  agricultural  Scythians.  Without 
following  Professor  Maiden  through  his  elaborate  inquiry,  in  which  he  endeavours  to  reconcile  certain 
apparent  inconsistencies  in  the  account  of  the  great  historian,  we  agree  with  him,  that  it  is  by  no  means 
improbable,  that  in  a  former  period,  the  Borysthenes  may  have  had  a  larger  delta,  and  two  mouths, 
though  now  confined  to  one,— an  opinion  also  entertained  by  that  sound  geographer,  Major  Hcnnell. 
Professor  Maiden  further  speculates  upon  the  eastern  stream  of  such  a  delta  having  been  the  Gerrhus; 
whilst  the  rivers  Panticapes  and  Hypacyris,  cited  by  Herodotus  as  flowing  out  of  lakes  between  the  Bory- 
sthenes and  the  Gerrhus,  accord  well  (he  says)  with  the  notion  of  a  great  former  delta.  As,  however, 
it  appears  that  the  brief  descriptions  of  Strabo  arc  not  inconsistent  with  the  present  state  of  the  country, 
the  Gerrhus  of  Herodotus  may,  after  all,  be  the  same  river  alluded  to  by  Ptolemy  under  that  name,  and 
which  some  persons  have  supposed  to  be  the  present  Molotchina.  which  falls  into  the  Sea  of  Azof. 
Regretting  that,  with  our  slight  personal  knowledge  of  this  tract,  we  cannot  offer  to  our  learned  friend 
any  fresh  physical  knowledge  to  enable  him  to  decide  on  the  relative  merits  of  certain  passages  in  history, 
we  may  say,  that  apparently  no  geographical  feature  exists  which  can  have  prevented  the  Dnieper  from 
having  formerly  had  two  mouths,  the  easternmost  of  which  proceeding  from  the  spot  named  Kakofkn 
may  have  (lowed  due  south  either  by  Katlantchak  into  the  Gulf  of  Perecop.  or  into  what  is  now  the 
Putrid  Sea,  whilst  the  other  branch  passed,  as  at  present,  by  Kherson  to  the  west.  However  difficult  it 
may  be  to  reconcile  all  the  statements  of  Herodotus,  his  general  assertion,  that  streams  east  of  the  Bug 
were  navigable  to  ships  for  some  distance  from  their  mouths,  where  no  rivers  are  now  to  be  seen  which 
arc  even  accessible  in  boats,  ought  to  induce  ut  to  suppose,  that  since  his  time  desiccation  may  have  taken 
place  to  a  considerable  amount. 
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produced  still  more  decided  changes, — changes  whereby  the  grounds  which  are 
known  to  have  been  formerly  submerged,  have  been  placed  at  some  height  above 
the  waters. 

In  this  manner,  we  necessarily  distinguish  the  changes  which  occurred  in  the 
tract  between  thePalus  Maaotis  and  the  Black  Sea,  before  the  times  of  the  Greeks 
and  Romans,  from  those  which  can  have  been  since  produced  by  the  mere  incre- 
ment of  fluviatile  deltas  or  blown  6ands  at  the  river  mouths.  The  origin  of  the 
peninsula  of  Kertch  and  the  Isles  of  the  Kuban,  must,  we  agree  with  M.  Dubois  de 
Montpcreux,  be  referred  to  such  elevation  of  the  land'. 

Changes  produced  by  Mud  Volcanoes,  &c. — That  similar  elevations  have  been  in 
progress  from  still  remoter  antiquity  in  all  these  southern  regions,  we  have  already 
attempted  to  show,  and  particularly  in  regard  to  the  bottom  of  a  former  great 
Caspian  Sea  which  we  have  proved  to  have  been  upheaved  and  desiccated  at  suc- 
cessive periods.  Now  the  very  coasts  of  the  Chersonesus  where  marked  changes 
have  occurred  in  the  historic  a?ra,  are  in  the  vicinity,  or,  it  may  even  be  said,  in 
the  ancient  line  of  elevation  of  the  Caucasus  and  the  Crimiea,  along  and  parallel 
to  which,  mud  volcanoes  have  been  erupted,  that  have  continued  in  action  to  the 
present  day,  and  have  raised  up  land  above  the  waters  which  did  not  exist  in  the 
time  of  the  ancient  historians. 

1  For  a  complete  illustration  of  this  branch  of  oar  subject,  we  gladly  refer  to  a  most  instructive  plate 
in  the  work  of  our  distinguished  contemporary,  M.  Dubois  de  Montpcreux.  That  plate  contains  fire 
■mall  maps,  each  representing  the  condition  of  the  tract  between  Circawia  and  the  Caucasus  on  the  one 
hand,  and  the  Crinuca  on  the  other,  during  successive  periods.  In  the  first  the  Chersonesus  Tauricus 
appears  as  a  cretaceous  promontory,  separated  by  a  wide  strait  from  another  advanced  cretaceous  spur 
of  the  Caucasus  (Circassia),—  in  short,  after  the  elevation  of  the  chalk,  and  when  the  tertiary  deposit* 
were  nearly  completed,  a  few  of  their  coral  islands  only  appearing  above  the  waters  to  the  north  of  the 
•trait  The  next  map  exhibits  the  tract  after  the  elevation  of  the  tertiary  formations,  by  which  move- 
ment the  peninsula  of  Kertch  was  united  with  the  Crimiea  very  much  in  its  present  form,  yet  when  a  few 
isles  only  and  the  Cimmerian  Bo»phonis  had  been  formed.  Hie  third  gives  the  apparition  of  Tainan  and 
several  adjacent  isles  of  the  Kuban  through  the  eruption  of  mud  volcanoes.  The  fourth,  which  is  the 
historical  portrait  of  the  outlines,  as  restored  from  the  writings  of  Strabo,  exhibits  the  chief  islets  of  the 
Kuban  already  united  with  the  main  land,  yet  leaving  free  maritime  passages  for  the  Greek  sailors  of 
those  days,  to  the  east  and  south  of  the  Cimmerian  Isle,  with  the  river  Hypanis  flowing  to  the  north-west 
into  Uie  embayed  waters  between  the  Cimmerian  Isle  and  the  Sindic  promontory.  The  fifth  and  last 
plan,  as  taken  from  an  accurate  map  of  1834,  shows  how  the  Hypanis  (the  present  Kuban)  has  changed 
its  course,  and  now  flows  to  the  south  and  west  below  the  former  Sindic  promontory,  which  was  thus 
converted  into  the  isle  or  peninsula  of  Taman,  whilst  the  larger  islets  are  almost  united,  and  some  of  the 
smaller  absolutely  joined  to  the  main  land  (the  old  sea- passages  being  blocked  up)  by  the  great  increment 
of  deltic  matter. 
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That  some  of  these  elevations  occurred  within  the  historic  aera,  may  be  inferred 
from  the  fact,  that  in  the  walls  of  the  fortress  of  Sudac,  near  Thcodosia  iu  the 
Crimsea,  we  ourselves  saw  stones  procured  from  coast-cliffs,  which  contained 
shells  of  the  Cardium  edule  and  Mytilus  edulis,  now  living  in  the  adjacent  Black 
Sea,  and  which  we  are  disposed  to  think  must  have  been  thrown  up  on  the  line  of 
eruption  of  the  mud  volcanoes,  and  parallel  to  the  axis  of  the  Caucasus  (see  Map, 
PI.  VI.).  The  opinion  we  formed  upon  the  spot,  that  these  mud  volcanoes  have  a  deep 
scat,  and  are  as  directly  connected  with  internal  igneous  agency  as  any  other  geolo- 
gical phenomenon  of  eruption,  is,  we  think,  sustained  not  only  by  their  extension 
over  a  tract  200  versts  in  length  (that  line  of  direction  being  coincident  with  the 
fires  of  Baku  and  other  mud  eruptions  in  the  Caspian),  but,  above  all,  by  the  occur- 
rence of  fragments  of  limestone  and  shale  (unlike  any  portions  of  the  surrounding 
strata) ,  which  they  have  ejected  with  their  mud  and  scorise1.  These  mud  volcanoes 
are,  therefore,  in  our  estimation,  the  last  remnants  of  ancient  and  more  intense 
igneous  action,  by  which  enormous  masses  of  sedimentary  matter  have  been  hurled 
up,  in  former  epochs,  to  constitute  the  lofty  Caucasus. 

In  alluding  to  these  southern  tracts  of  Russia  which  have  been  so  recently  illus- 
trated byM.  Dubois  de  Montpercux,  by  the  French  savans  employed  by  M.  Demidoff 
and  by  M.  Hommaire  de  Hell,  whose  work  is  not  even  completed  whilst  we  write, 
we  must  again  render  justice  to  Mr.  Strangways,  to  whose  manuscript,  read  21  years 
ago  before  the  Geological  Society,  we  have  previously  alluded*.  Speculating  upon 
the  probable  former  connection  of  now  detached  masses  of  water  which  might  then 
have  formed  an  eastern  Mediterranean,  and  citing  Strabo,  and  his  commentator 
Gosselin,  for  various  descriptions  of  ancient  geographical  features,  including  the 
probable  voyage  of  the  Argonauts  beyond  the  Crimea,  which  must  then  have  been 
an  island,  he  concludes  with  the  following  striking  passage : — 

"  By  whatever  cause  it  may  have  been  drained,  the  low  steppe  exhibits  no  dilu- 
vian  phenomena,  no  system  of  valleys,  no  sign  of  a  debacle  or  sudden  and  violent 

'  See  M.  de  Vemeuil,  Mem.  Soc.  Geol.  de  Fr.,  vol.  iii.  p.  6-10.  Strangways  also  mentions  the  pre- 
sence of  fragments  of  limestone  and  shale  in  the  black  bituminous  mud  and  red  scoriae  as  an  indication  that 
the  seat  of  the  eruptions  is  deep.   (MS.,  read  before  the  Geological  Society  of  London,  anno  1824.) 

*  Mr.  Strangways  further  makes  a  suggestion  respecting  the  desirableness  of  the  rery  operation  which 
has  been  recently  carried  out  by  M.  Hommaire  de  Hell.  "  It  is  much  to  be  regretted  (he  says  in  allusion 
to  the  operations  of  MM.  Parrot  and  Engclhardt)  that  they  did  not  make  their  observations  along  the 


course  of  the  Manych  instead  of  across  the  high  steppes.  The  greatest  elevation  of  the  low  steppe  above 
the  Sea  of  Azof  is  still  undetermined." 
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retreat  of  the  water.  Its  present  state  must  therefore  be  attributed,  I  think,  to  a 
gradual  drying  up  of  the  sea  which  covered  it,  till  in  process  of  time  it  became  broken 
into  a  series  of  lakes,  the  level  of  which  is  determined  by  the  proportion  which  the 
water  poured  into  them  by  rivers  or  falling  from  the  clouds,  bears  to  that  taken 
from  them  by  evaporation."  In  support  of  this  view,  Mr.  Strangways,  quoting 
Pliny,  further  shows  that  such  was  the  opinion  of  the  ancients.  "  Sed  in  Carcinite 
Tauricfi  incipit,  quondam  mari  circumfusd  et  ipsd."  Plin.  iv.  12.  "  Ad  hos  confu- 
gerat  Mithridates  Claudio  principe,  narravitque  Thulos  iis  esse  confines,  qui  ab 
oriente  Caspii  maris  fauces  attingerent :  siccari  eas  astu  recedente."    Plin.  vi.  5. 

Though  opposed  to  our  own  view,  which  has  been  already  to  a  great  extent  ex- 
pressed (p.  314),  viz.  that  elevations  to  various  levels  will  alone  adequately  explain 
the  phamomena  of  the  steppe  limestones  and  sandy  6teppes  (both  the  bottoms  of  a 
former  Caspian),  we  specially  cite  these  passages  to  prove,  that  the  opinions  which 
have  been  recently  sustained,  particularly  by  French  authors,  respecting  the  desic- 
cation of  the  Caspian  and  other  inland  sheets  of  water  by  evaporation  only,  was 
anticipated  by  the  earliest  of  our  contemporaries  who  wrote  upon  the  geological 
structure  of  Russia,  and  who,  unacquainted  with  many  of  the  facts  elicited  by  sub- 
sequent researches,  endeavoured  to  explain  existing  phenomena  by  evidences  of 
ancient  tradition,  which  had  escaped  the  notice  of  his  precursors. 

Changes  operated  by  Man. — But  besides  such  great  natural  alterations  of  outline 
and  the  diurnal  wear  of  the  surface,  there  can  be  no  doubt,  that  man  himself  has 
produced  considerable  changes.  Thus  for  a  long  time  most  geographers  viewed  as 
little  better  than  a  fable,  the  tradition  or  opinion  derived  both  from  the  features  of 
the  country,  the  details  of  the  historians  of  Alexander  the  Great,  or  the  recital  of 
the  old  English  traveller  Jenkinson,  that  the  main  stream  of  the  Oxus  once  flowed 
into  the  Caspian  Sea. 

Humboldt  has  the  merit  of  bringing  out  in  all  its  force  the  high  probability  of 
such  having  anciently  been  the  case,  and  a  very  modern  discovery  of  M.  N.  Khani- 
koff  has,  we  think,  strengthened  his  inference.  It  has  been  recently  ascertained 
that  the  river  Tanghi-Daria  (the  Orontes  of  the  ancients),  which  formerly  flowed 
into  the  sea  of  Aral  in  a  line  considerably  south  of  the  Jaxartes,  was  deflected  into 
that  stream  a  few  years  ago  by  the  mere  manual  operation  of  the  natives  (the  Kho- 
kans),  who  fearful  that  their  well-watered  tract  might  fall  a  prey  to  their  warlike  and 
predatory  neighbours  of  Khivah,  constructed  a  dam  and  turned  their  river  north- 
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wards  to  the  Jaxartes,  thus  sterilizing  a  wide  and  rich  tract  towards  the  southern 
end  of  the  sea  of  Aral,  and  contiguous  to  the  Khivan  frontier1. 

A  similar  operation  therefore,  and  possibly  of  no  greater  magnitude,  effected  by 
the  Khivans,  may  have  deflected  the  principal  ancient  stream  of  the  Oxus  from  its 
course  through  the  low  steppe  of  the  Turkomans  and  by  the  south  of  the  plateau 
of  Ust-Urt  to  the  Caspian  Sea,  and  have  caused  the  waters  of  that  mighty  stream 
to  flow  into  its  present  Aralian  estuary,  thus  verifying  the  words  of  old  Jenkinson, 
"  The  water  that  serveth  all  that  countrey  (Khivah)  is  drawn  by  ditches  out  of  the 
river  Oxus  unto  the  great  destruction  of  that  river,  for  which  cause  it  falleth  not 
into  the  Caspian  Sea,  as  it  has  done  in  times  past ;  and  in  short  time  all  that  land 
is  like  to  be  destroyed,  and  become  a  wilderness  for  want  of  water,  when  the  river 
Oxus  shall  faileV 

The  hands  of  man  have  also  produced  and  arc  still  effecting  considerable  changes 
in  large  tracts  of  Russia,  by  the  destruction  of  her  forests  and  the  conversion  of  her 
northern  marshes  into  arable  lands.  A  few  centuries  only  have  elapsed  since 
northern  Russia  was  a  dense  virgin  forest,  with  vast  intervening  marshes  and  lakes, 
but  now  her  gigantic  pine  trees  are  felled,  lakes  and  marshes  are  drained,  and 
the  culture  of  corn  is  extended  to  the  latitude  of  the  White  Sea.  The  natural 
recipients  of  so  much  moisture  having  been  destroyed,  we  may  (exclusive  of  the 
great  spring  debacle  which  in  an  extreme  climate  may  have  been  always  nearly  the 
same)  in  great  measure  account  for  the  sensible  diminution  of  late  years  in  the 
waters  of  the  Volga  and  other  great  streams,  whose  affluents  rise  in  those  very 
countries  where  large  tracts  are  now  drained. 

M.  Baerand  M.  Koppen8,  observers  of  great  authority,  have,  indeed,  supposed, 
that  in  truth  much  the  same  volume  still  passes  through  the  Volga  as  in  former 

'  Sec  letter  of  M.  N.  Kbanikoff  to  Mr.  Murchisou,  Journal  of  the  Royal  Geogr.  Soc..  vol.  xiv.  p.  333, 
where  it  is  shown,  that  even  in  the  year  1810 !  the  Tanghi-Daria  was  a  copious  stream. 
*  See  Hakiuyt,  vol.  i.  p.  367,  ed.  1809. 

<  See  a  Report  of  a  Commission  by  M.  Koppen,  with  a  preface  by  M.  Baer,  "  Ueber  den  Wald  und 
Wasser  vorrath  im  Gebiete  der  obern  und  mittlem  Wolga.  Beitriige  lur  Kentnisa  des  Russischcu 
Reiches,  vol.  iv.  St.  Petersburg,  1841."  In  this  memoir,  a  distinction  is  drawn  between  the  moisture 
proceeding  from  the  Atlantic  with  its  westerly  gales,  and  that  of  the  White  Sea  with  its  north-easterly 
winds.  The  main  fact  however  is,  that  the  sources  of  the  Volga  (and  this  applies  to  many  other  Russian 
rivers)  were  spongy  marshes,  which  are  now  so  much  drained,  as  to  occasion  a  diminution  in  the  volume 
of  the  stream  at  certain  seasons. 
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periods  of  Russian  history,  but  that  owing  to  drainage  of  the  marshy  woodlands 
which  fed  that  stream,  it  is  not  held  back  for  a  length  of  time,  as  of  old,  in  the 
upper  natural  reservoirs,  but  flows  off  quickly  into  the  low  countries,  and  being 
carried  in  a  short  season  to  the  sea,  leaves  the  river  too  low  for  navigation  in  the 
height  of  the  summer  season.  Whether  this  opinion  be  adopted  or  that  of  a  sensi- 
ble annual  diminution  of  moisture,  caused  by  the  destruction  of  dense  forests  which 
formerly  obstructed  evaporation,  the  result  is  the  same  as  concerning  the  effects 
upon  the  surface  and  the  internal  tracts  of  the  country.  For  our  own  part,  we 
can  scarcely  refrain  from  thinking,  that  the  axe  of  the  miner  (for  wood  is  the  chief 
fuel  of  the  Russian  mines)  has  been  a  prime  cause  of  this  increasing  drought ;  an 
opinion  which  we  formed  in  the  Ural  Mountains,  from  whence  the  Kama  and 
greatest  feeders  of  the  Volga  proceed,  and  where  the  inhabitants,  complaining  of 
the  annual  decrease  of  water,  invariably  refer  this  effect  to  the  clearing  away  of 
their  forests. 

Conclusion. — In  terminating  our  view  of  the  physical  structure  and  mutations  of 
so  vast  a  portion  of  the  earth's  surface  as  Russia  in  Europe  and  the  Ural  Mountains, 
we  will  not  attempt  to  recapitulate,  in  any  lengthened  detail,  the  various  results  of 
our  labours,  nor  revert  to  our  inferences  respecting  coal  and  other  mineral  produc- 
tions and  their  intimate  dependence  upon  geological  conditions'.  Those  readers 
who  may  have  had  the  patience  to  peruse  this  volume,  will,  we  trust,  have  found  no 
want  of  illustrations  of  our  views  on  every  geological  subject,  from  the  formation 
of  the  earliest  deposits  to  the  comparatively  recent  changes  which  have  just  been 
alluded  to. 

Our  first  effort  was  to  impart  to  the  reader  a  correct  view  of  the  succession  of 
the  various  sedimentary  strata  which  constitute  the  framework  of  these  regions, 
by  laying  before  him  a  series  of  evidences  of  the  order  in  which  the  different  forms 
of  ancient  life  succeed  to  each  other.  In  all  that  portion  of  the  work,  there  are, 
we  may  be  allowed  to  say,  no  theoretical  views  whatever.  We  have  there  simply 
unfolded  the  leaves  of  fossil  records  that  attest  the  former  presence  of  many 
generations  of  animals,  which  having  respectively  lived  their  day,  were  succeeded 
by  others.  In  so  doing,  we  have  endeavoured  to  act  as  fair  and  impartial  historians, 
and  we  are  bound  to  say,  that  the  examination  of  the  subsoil  of  Russia  has  very 
much  extended  and  improved  our  general  knowledge  of  the  events,  which  have 


'  See  Preface,  and  pp.  77,  89  to  123,  &c. 


580 


RESUME  AND  CONCLUSION. 


taken  place  upon  the  surface  of  the  globe,  whether  as  respects  the  most  ancient  or 
more  modern  accumulations. 

In  the  first  place,  we  have  indicated  the  existence  over  large  tracts  in  Scandi- 
navia, the  Baltic  provinces  and  northern  Russia,  of  those  Lower  Silurian  strata, 
which  by  extensive  examination  of  various  countries,  have  been  found  to  contain 
the  earliest  vestiges  of  animal  life.  This  point  has,  indeed,  been  rendered  singularly 
clear  in  Sweden,  where  Lower  Silurian  rocks,  perfectly  identified  with  those  of  their 
typical  regions  in  the  British  Isles,  rest  at  once  on  crystalline  or  azoic  rocks  of 
antecedent  date,  in  which  the  remains  of  all  organized  beings,  if  such  there  ever 
were,  have  been  entirely  obliterated.  Representing  as  elsewhere  the  lowest  recog- 
nizable stage  charged  with  organic  matter,  the  Lower  Silurian  rocks  of  Sweden  and 
Russia  teach  U9,  that  among  the  earliest  animals  known  to  us  were  crustaceans, 
with  eyes'  suited  to  the  recesses  of  the  seas  in  which  they  lived,  and  that  these, 
with  certain  Mollusca,  Zoophytes  and  Crinoidea,  which  have  long  since  passed 
away,  were  associated  with  marine  fucoids,  the  latter  being,  as  far  as  we  know,  the 
only  vegetables  of  which  there  is  a  trace  in  this  protozoic  group. 

The  next  or  Upper  Silurian  stage  of  Russia  and  the  Baltic  Isles  is  remarkable  for 
the  close  analogy  of  all,  and  the  identity  of  a  great  number  of  its  mollusks  and  corals 
with  those  of  the  same  period  in  the  British  Isles.  In  it,  however,  no  traces  of  fishes 
have  been  found  ;  a  negative  fact  which  induces  us  to  remark,  that  whilst  the  Lower 
Silurian  formations  have  nowhere  offered  the  fragment  of  a  vertebrated  animal,  and 
that  a  very  few  small  fishes  of  peculiar  form  have  only  been  found  at  some  localities  of 
the  Upper  Silurian  deposits  in  England  (chiefly  in  their  highest  beds),  the  system 
must,  on  the  whole,  be  viewed  as  one  almost  void  of  this  great  class  of  organic  beings. 

The  Silurian  system  of  the  northern  countries  of  Europe  is  indeed  closely 
analogous  to  that  of  Great  Britain  ;  and  its  examination  has  taught  us,  that 
wherever  the  sediments  of  the  same  age  in  the  two  regions  resemble  each  other 
in  lithological  texture,  such  similarity  is  accompanied  by  a  close  approximation 
and  frequent  identity  in  the  associated  organic  remains. 

The  survey  of  Russia  has  next  strikingly  confirmed  the  fact,  that  the  Devonian 
or  Old  Red  system  of  English  geologists  is  the  second  great  natural  group  of 
deposits  in  the  ascending  order ;  and  there,  as  in  the  British  Isles,  it  is  the  great 
fossil  "pUcina,"  in  which  the  mass  of  the  earliest  fishes  has  been  preserved.  The 

1  See  Dr.  Buckland'f  masterly  description  of  the  structure  of  the  eye»  ot  Trilobites,  "  Sixth  Bridgewuter 
Treatise,"  vol.  i.  p.  3D6. 


RESUME  AND  CONCLUSION. 


581 


development  of  the  Russian  strata  of  this  age  has  further  dispelled  all  doubt  con- 
cerning  the  identity  between  the  Old  Red  Sandstone  of  Scotland  with  its  ichthy- 
olites,  and  the  slaty,  calcareous  rocks  of  Devonshire  and  the  Rhenish  provinces 
with  their  shells  and  corals,  since  it  exhibits  innumerable  proofs,  that  the  fishes 
and  mollusks,  which  in  most  parts  of  western  Europe  appear  to  have  been  severally 
peculiar  to  smaller  detached  basins,  were  in  this  region  living  in  the  same  sea, 
and  entombed  in  the  same  beds.  Here  also,  as  in  the  Silurian  rocks,  wc  perceive 
a  marked  connection  between  the  mineral  character  of  this  deposit  (which  occupies 
so  vast  an  area  in  Russia)  and  its  imbedded  fossils  j  for  in  certain  great  sandy  tracts 
of  that  empire,  as  in  the  Scottish  Old  Red  Sandstone,  its  organic  remains  are 
exclusively  those  of  fishes ;  whilst  in  districts,  where  calcareous  and  diversified 
strata  occur,  similar  species  of  fishes  are  associated  with  mollusks  and  other 
organic  bodies. 

Ascending  to  the  third  system,  it  has  been  shown,  that  a  very  large  portion 
of  Russia  is  occupied  by  limestones  and  associated  shales  and  sands,  which, 
from  their  fossils,  are  completely  assimilated  to  the  carboniferous  or  mountain 
limestone  of  other  well-known  countries.  Trilobites,  extremely  abundant  in  the 
Silurian  and  rare  in  the  Devonian  strata,  become  very  scarce  in  this  deposit ;  and 
though  ichthyolites,  including  some  of  peculiar  sauroid  forms,  are  abundant  in 
this  formation  in  England,  Belgium  and  France,  they  seldom  occur  in  Russia  ;  a 
scarcity  which  may  have  depended  on  the  absence  of  favouring  submarine  condi- 
tions. Bracbiopods  entirely  different  from  those  of  the  subjacent  formations,  con- 
stitute, in  truth,  the  great  and  general  terras  of  distinction  ;  many  of  the  species 
being  absolutely  the  same  as  those  of  the  like  age  in  the  British  Isles,  even  when 
the  deposit  is  followed  into  the  low  countries  of  Siberia.  In  the  regions  under 
review,  as  elsewhere,  these  carboniferous  rocks  are  the  lowest  receptacles  in  which 
numerous  land  plants  have  been  found,  and  these  vegetables  also  are  often  un- 
distinguishable  from  those  which  occur  in  similar  beds  of  western  Europe.  These 
and  other  examples  observed  at  Melville  Island,  the  north  coast  of  America,  in 
Spitzbergen  and  Nova  Zernlia,  as  well  as  in  the  more  southern  latitudes  of  Europe, 
have  led  us  to  believe,  that  in  all  those  ancient  periods,  when  the  same  species  of 
shells  lived  in  seas  distant  from  each  other  upwards  of  4000  miles,  and  when 
the  first  tree-bearing  lands,  whether  Arctic  or  equatorial,  produced  the  same  great 
monocotyledonous  plants  (the  Bource  of  all  great  coal-fields),  there  must  have  been 
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a  lower  and  more  uniform  outline  of  the  surface,  and  consequently  a  climate  infi- 
nitely more  equable  and  universal,  if  not  more  warm,  than  at  the  present  day1. 

When  thoroughly  examined,  the  rocks  of  each  new  country  are  found  to  fill  up 
lacuna?  or  present  new  zoological  evidences ;  and  thus  in  Russia  we  have  first  learnt, 
that  the  minute  foraminifera  occur  in  strata  of  such  high  antiquity  as  the  carboni- 
ferous. 

The  exploration  of  the  enormous  basin  of  red  sands,  marls,  limestones  and  cu- 
priferous deposits  covering  a  vast  region,  of  which  the  ancient  Permia  is  the  centre, 
and  a  comparison  of  the  same  with  synchronous  deposits  in  Germany  and  England, 
have  led  us  to  propose  a  common  name  for  a  group,  which  we  have  shown  is  natu- 
rally and  indissolubly  connected  with  the  three  underlying  or  palaeozoic  systems, 
and  entirely  distinct  in  all  its  contents,  whether  animal  or  vegetable,  from  the  over- 
lying secondary  formations.  This  point  is,  we  consider,  of  great  importance  in 
geological  classification,  particularly  with  reference  to  other  countries  where  such 
deposits  have  been  generally,  though  erroneously,  connected  with  the  New  Red 
Sandstone,  whilst,  in  truth,  they  are  intimately  related  to  the  coal  strata  beneath 
them.  In  this  deposit  the  earliest-formed  Saurians  appear, — animals,  however, 
very  distinct  in  generic  character  and  structure  from  those  of  the  subsequent 
epoch. 

On  the  doubtful  and  partial  occurrence  of  the  trias  of  continental  geologists  we 
have  little  to  say,  as  it  is  nowhere  clearly  apparent  in  Russia  proper ;  though  we 
have  expressed  our  belief  that  the  fossils  of  Mount  Bogdo,  in  the  steppe  of  Astra- 
khan, seem  to  be  of  the  age  of  the  Muschelkalk. 

In  the  Oolitic  or  Jurassic  series,  which  is  so  fully  developed  in  England,  France 
and  Germany,  the  lias  and  lower  oolites  of  those  countries  are  entirely  wanting. 
The  Oxford  clay  and  its  associated  rocks,  including  the  calcareous  grit  and  coral 
rag,  alone  appear  on  the  surface,  and  contain,  besides  analogous  groups  of  shells, 
the  same  species  of  Saurians  as  in  England ;  another  decisive  proof,  derived  from 
a  comparatively  high  order  of  animals,  of  the  continuation  of  much  more  widely 

1  The  presence  of  the  true  carboniferous  limestone  in  Spitzbergen  is  well  known,  both  as  recently 
observed  by  Professor  Loven,  and  also  through  fossils  brought  to  England  by  the  polar  voyagers  and  to 
Paris  by  the  naturalists  of  the  French  "  Expedition  du  Nord."  (See  Bullet.'  Soc.  Geol.  de  France,  vol. 
xiii.  p.  24.)  Indeed,  both  there  and  in  Nova  Zemliu,  as  proved  by  M.  Baer,  coal  exists  in  considerable 
quantities,  though  the  fossil  vegetation,  of  tropical  character,  from  which  it  is  formed,  is  for  the  most 
part  now  buried  under  eternal  snows. 
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extended  conditions  of  climate  in  those  days  than  in  our  own.  With  some  subdi- 
visionary  distinctions  of  mineral  character,  the  chalk  of  Russia  is  in  a  remarkable 
degree  analogous,  both  in  mineral  and  zoological  contents,  to  that  of  England,  whilst 
some  of  the  lower  tertiary  beds  which  overlie  it  arc  perfectly  similar  in  their  fos- 
sils to  strata  of  the  same  age  in  the  London  and  other  basins.  The  miocene,  or 
middle  tertiary  deposits,  are,  in  truth,  nothing  more  than  continuations  of  those  of 
Austria  and  the  Danube,  known  to  be  identical  with  the  shelly  beds  of  the  north 
of  Italy. 

In  treating  this  portion  of  our  subject,  we  have  specially  dwelt  upon  a  great 
physical  feature  regarding  the  former  geography  of  the  terrestrial  surface,  to  which 
little  or  no  attention  has  been  previously  paid.  The  steppe  limestones  of  the 
south  of  Russia  and  those  surrounding  the  Caspian,  Azof  and  Aral  seas,  are  shown 
to  have  been  relics  of  an  enormous  inland  sheet  of  water,  fully  as  large  as  the  pre- 
sent Mediterranean,  and  probably  having  had  scarcely  any  communication  with  the 
ocean.  This  opinion  is  strictly  derived  from  the  evidences  of  the  organic  remains, 
which,  whether  imbedded  in  limestone  cliffs  at  200  or  300  feet  above  the  sea,  or 
lying  loose  in  the  sand6  of  the  lower  steppes,  are  all  species  perfectly  distinct  from 
those  of  the  ocean  of  this  or  any  former  date,  but  identical  with  or  analogous  to 
forms  now  living  in  the  present  Caspian  and  Aral  seas. 

In  the  north  of  Russia  marine  deposits  with  existing  oceanic  shells  occur,  also 
indicating  periods  approaching  to  our  own ,  and  it  has  further  been  shown,  that  vast 
accumulations  of  foreign  drift,  which  encumber  the  surface,  have  been  accumulated 
under  the  waters  of  the  sea.  Finally,  we  have  attempted  to  point  out  the  manner 
in  which  certain  subaqueous  deposits  were  desiccated,  and  how  after  passing  into 
lands  they  have  been  since  modified. 

This  long  register,  from  the  earliest  traces  of  organic  existence,  has  been  read 
off,  notwithstanding  the  prevalent  absence  of  those  facilities  which  are  offered  to 
the  observer  in  other  countries.  In  western  Europe,  the  various  strata  are  often 
so  inclined,  that  the  succession  of  several  formations  is  frequently  seen  in  escarp- 
ments occupying  the  breadth  of  a  few  miles  only.  The  case,  however,  is  not  so 
in  Russia,  where  the  whole  series  of  deposits,  over  an  area  nearly  as  large  as  all 
that  part  of  Europe  to  which  geologists  have  hitherto  attended,  may,  with  very 
slight  exceptions,  be  termed  a  great  horizontal  mass,  the  undulations  and  denu- 
dations in  which  alone  enable  us  to  decipher  its  details  of  succession,  by  travelling 
over  the  enormous  spaces  which  any  one  of  its  members  occupies.    But  however 
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monotonous  and  fatiguing  to  the  fossilist  or  lover  of  varied  sceuery,  this  great 
Russian  basin,  void  of  all  traces  of  eruptive  rock,  is,  it  must  be  admitted,  un- 
rivalled as  a  theatre  for  the  study  of  the  sedimentary  formations  in  their  pristine 
state.  The  contemplation  of  it  teaches  us,  that  wherever  eruptive  agency  is  absent, 
the  antiquity  of  the  formations  which  constitute  the  crust  of  the  globe,  can  in  no 
wise  be  judged  of  from  their  mineral  or  lithological  aspect ;  for  the  very  oldest 
deposits  (Lower  Silurian),  charged  with  fossils  common  to  the  crystalline  slaty 
rocks  of  other  regions,  there  occur  as  greensands  and  half-consolidated,  mudlike 
limestones,  which,  together  with  many  portions  of  the  Devonian,  Carboniferous  and 
Permian  systems,  are  sometimes  not  to  be  distinguished  in  lithological  aspect  from 
the  younger  secondary  or  even  tertiary  deposits  of  western  Europe  ! 

We  also  learn,  that  notwithstanding  the  absence  of  violent  dislocations,  the 
various  Russian  formations,  though  horizontal,  or  so  nearly  so,  that  they  may  be 
all  considered  conformable  to  each  other,  are  as  distinctly  separable  by  their  included 
remains,  as  in  those  typical  and  dislocated  tracts  where  geologists  first  worked  out 
their  order.  The  theoretical  doctrine,  derived  from  an  examination  of  a  small  por- 
tion of  the  globe,  which  supposes  that  the  termination  of  groups  of  former  organic 
beings  was  entirely  dependent  upon  contiguous  eruptions,  which  ravaging  the  earth 
at  given  periods  and  dismembering  the  former  beds  of  the  ocean,  destroyed  its 
existing  inhabitants,  must  therefore  bend  before  such  copious  evidences.  These 
evidences  most  clearly  announce,  that  over  spaces  as  large  as  other  European  king- 
doms, the  sediment  of  one  pala?ozoic  period  was  accumulated  around  the  relics  of 
a  peculiar  set  of  animals  and  then  tranquilly  succeeded  by  another  large  formation, 
when  different  groups  of  creatures  were  brought  into  being,  without  any  sudden 
revolutions  or  fractures  of  those  portions  of  the  crust  of  the  planet. 

Let  us  not,  however,  be  misunderstood.  Although  we  have  ascertained  that  the 
framework  of  the  earth  has  here  undergone  scarcely  any  violent  ruptures,  we  have 
already  adverted  to  grand  and  broad  movements  of  elevation  and  depression  to  which 
the  whole  country  must  have  been  subjected,  and  without  which  it  would  be  difficult 
to  explain  the  omissions  in  the  series  of  deposits  whereof  we  have  spoken.  Thus  it 
has  been  shown,  that  in  one  of  the  very  earliest  periods,  the  lowest  Silurian  rocks 
along  the  Finnish  and  Lappish  frontier  have  been  highly  disturbed  and  metamor- 
phosed, and  that  in  the  Russian  Baltic  governments,  as  in  Sweden,  they  have  been 
raised  and  placed  beyond  the  influence  of  the  waters  under  which  the  Upper  Silurian 
deposits  of  the  Baltic  were  accumulated.    The  lower  and  upheaved  deposits  must, 
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however,  have  been  soon  after  depressed,  for  the  Devonian  strata  with  their  ich- 
th  volites  are  found  resting  on  them.  Again,  we  believe  that  the  great  central  dome 
of  the  Devonian  rocks  of  Orel  was  elevated  not  long  after  its  formation,  and,  acting 
as  a  bar  or  line  of  separation  in  the  waters,  thus  produced  a  distribution  of  sedi- 
mentary matter  on  its  southern  side  very  different  from  that  upon  its  northern, 
and  separated  the  great  cretaceous  and  tertiary  country  on  the  one  side  from  the 
palaeozoic  rocks  on  the  other. 

Looking  to  the  differences,  however  partial,  between  the  fossil  floras  of  the  car- 
boniferous and  Permian  rocks,  we  cannot  but  infer,  that  these  plants  were  in  exist- 
ence upon  adjacent  lands  during  each  of  these  periods  ,  nor  can  we  view  the 
existence  of  the  Jurassic  series  with  its  Ammonites  and  Belemnites,  nor  mark  the 
great  hiatus  which  exists  between  the  base  of  this  group  and  the  Permian  rocks 
beneath  it,  without  believing,  that  broad  and  decided  oscillations  of  sea  and  land 
took  place  both  in  and  around  these  regions,  which  placed  certain  masses  above 
the  influence  of  the  waters,  during  the  very  long  interval  of  time  which  neces- 
sarily elapsed. 

Yet,  after  all,  Russia  in  Europe  constitutes  but  one  huge  depositary  basin, 
surrounded  on  nearly  all  sides  by  plutonic,  metamorphic  and  crystalline  rocks. 
We  readily  therefore  admit,  that  the  various  changes  which  took  place  in  Scan- 
dinavia and  Lapland  on  the  north,  in  the  Ural  Mountains  and  Siberia  on  the 
east,  in  the  Caucasus  and  granitic  steppes  on  the  south,  and  in  the  Carpathian 
and  Silesian  mountains  on  the  south-west,  may  have  considerably  affected  the 
conditions  and  influenced  the  relations  of  all  the  sedimentary  accumulations  of 
the  low  territories  of  Muscovy.  Still,  notwithstanding  this  admission,  we  dwell 
upon  the  fact,  that  such  enormously  wide  horizontal  deposits  of  different  ages 
are  nearly  all  conformable  in  superposition,  and  yet  all  clearly  separable  from 
each  other  by  mineral  characters  and  organic  remains; — thus  decisively  showing, 
that  old  races  of  animals  have  disappeared  and  have  been  succeeded  by  others  over 
vast  regions,  in  which  there  never  has  been  the  smallest  eruption  of  plutonic  or 
volcanic  matter. 

However  we  may  explain  its  elevation  to  various  levels,  the  ancient  bottom  of 
one  great  inland  internal  sea  of  brackish  water,  large  as  the  present  Mediter- 
ranean, which  occupying,  as  we  have  stated,  a  vast  depression  in  the  earth's  sur- 
face between  the  Caucasian  chain  and  Russia,  extended  over  enormous  tracts  of 
Asia,  must  be  considered  as  having  originated  in  great  physical  changes.    In  the 
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present  condition  of  nature,  we  compare  that  vast  internal  brackish  sea  with  the 
present  Caspians  within  its  area,  and  thus  from  fossil  reliquiae,  some  at  consider- 
able altitudes,  and  others  very  little  above  the  present  waters,  we  can  safely  affirm, 
that  this  ancient  Mediterranean  was  for  a  long  lapse  of  ages  almost  if  not  entirely 
shut  out  from  the  ocean,  its  bottom  having  subsequently  undergone  successive  ele- 
vations en  masse,  like  those  of  the  central  Russian  deposits. 

If  these  are  among  the  results  of  our  investigations  of  the  tranquilly-formed 
deposits  of  Russia,  and  if  light  has  been  thus  thrown  upon  the  land-marks  of 
ideological  science ;  the  explorations  of  the  Ural  Mountains  have,  we  trust,  proved 
not  less  interesting,  by  exhibiting  a  picture  of  intense  disturbance  and  minerali- 
zation in  regions  which  teem  with  metalliferous  wealth.  And  what  a  contrast  to 
European  Russia  I  In  vain  do  wc  there  search  for  a  single  foot  of  subsoil  of  the 
palaeozoic  age  which  has  not  undergone  agitation,  change  or  fracture  caused  by 
repeated  emission  of  masses  of  eruptive  matter  commencing  from  very  remote 
periods. 

By  these  operations  the  palaeozoic  rocks  of  the  Ural  have  been  metamorphosed, 
in  great  part  changed  in  their  external  characters,  and  were  also  thrown  up  to 
form  land  (probably  at  first  of  no  great  altitude),  whence  peculiar  plants  of  a 
very  ancient  date  were  washed  towards  the  west  into  the  sea  of  that  epoch,  under 
which  the  cupriferous  Permian  deposits  and  their  marine  remains  were  accu- 
mulated. The  dark- coloured,  hard,  veined  and  crystallized  condition  of  the  older 
palaeozoic  strata  in  the  Ural,  where  eruptive  agency  has  been  in  activity  from  the 
remotest  sera,  when  contrasted  with  the  white,  soft,  muddy  limestones  and  incohe- 
rent sandstones  which  were  originally  formed  at  the  same  time  in  the  tranquil  basin 
of  European  Russia,  must,  indeed,  be  received  as  a  convincing  proof,  that  such 
a  rocky  crystalline  character  has  been  caused  by  the  action  of  internal  heat,  which 
in  the  Ural  and  Siberia  made  its  way  to  the  surface  in  the  form  of  varied  plutonic 
eruptions. 

In  explaining  the  different  elevations  by  which  the  present  outline  of  the  Ural 
chain  was  elaborated,  we  consider  the  principal  movement — that  which  twisted 
the  strata  and  often  inverted  them — to  have  taken  place  after  the  formation  of  the 
carboniferous  limestone.  We  have  further  shown,  that,  after  the  Permian  strata 
had  been  deposited  in  horizontal  positions  on  the  edges  of  the  older  rocks,  they 
were  affected  by  newer  lines  of  upheaval  of  much  less  intensity  and  extent,  but 
perfectly  parallel  to  the  chief  meridian  chain.    Lastly,  we  have  proved,  that  since 


Digitized  by  Google 


CONCLUSION. 


587 


then,  and  at  an  epoch  comparatively  recent,  the  central  axis  of  these  mountains,  or 
at  least  its  watershed,  has  been  so  modified,  that  all  the  rich  and  original  masses  of 
copper  ore  from  which  the  arenaceous  deposits  on  the  west  must  have  derived  their 
cupriferous  materials,  are  now  shut  out  from  all  physical  communication  with  them, 
and  lie  on  the  eastern  flank  of  the  Ural  ridge. 

But  although  it  has  been  thus  demonstrated,  that  in  a  general  sense  (subject  to 
great  local  deviations)  these  lines  of  disturbance,  produced  at  different  periods, 
have  all,  more  or  less,  a  meridian  direction,  such  facts  do  not  impugn  the  value 
of  one  of  the  leading  speculations  of  M.  Elie  de  Beaumont, — that  relative  direc- 
tions of  great  mountain  chains  are  indicative  of  the  age  in  which  they  were 
thrown  up.  No  one  can  look  at  our  general  map  without  seeing,  that  it  exhibits 
three  grand  natural  features  which  support  this  portion  of  the  theory  of  our  emi- 
nent contemporary.  Thus,  the  Scandinavian  mountains,  along  which  the  older 
palaeozoic  rocks  only  have  been  elevated,  range  from  south-west  to  north-east.  In 
the  Ural,  where  the  chief  disturbances  have  taken  place  after  the  carboniferous 
and  Permian  deposits  (neither  of  which  formations  exist  in  Scandinavia),  the 
direction  is  north  and  south.  And  thirdly,  in  the  Caucasus,  in  which  no  vestige 
of  palaeozoic  life  has  been  detected,  and  where  the  mightiest  upheavals  have  oc- 
curred posterior  to  the  oolite  and  the  chalk,  the  range  is  distinctly  from  west- 
north-west  to  east-south-east.  These  data,  therefore,  as  established  by  geological 
labours,  compel  us  to  believe,  that  there  w  a  connection  between  certain  great 
lines  of  elevation  of  the  earth's  surface  and  the  periods  at  which  they  were 
produced. 

From  the  absence  of  all  marine  deposits  of  tertiary  or  recent  age,  either  in  their 
valleys  or  on  their  immediate  eastern  flank,  we  feel  confident,  that  the  Ural 
Mountains  and  the  adjacent  regions  of  Siberia  had  been  long  above  the  waters 
and  were  the  habitations  of  the  mammoths  and  other  great  quadrupeds,  before  the 
gold  alluvia  were  formed  and  the  present  watershed  or  Ural-tau  was  established. 
And  whilst  these  portions  of  the  earth  were  already  terrestrial  surfaces,  it  has  been 
shown,  that  the  whole  of  northern  Germany  and  Russia  must  have  been  beneath 
the  sea,  under  which  the  erratic  blocks  and  gravel  were  transported  from  Scandi- 
navia and  Lapland. 

If  from  these  mighty  oscillations  in  the  north,  we  turn  to  the  consideration  of  the 
southern  and  south-eastern  limits  of  this  great  empire,  how  are  we  to  account  for 
the  grand  and  ecpiable  elevations  of  large  regions  and  the  violent  disturbance  of  all 
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the  sedimentary  deposits  in  the  Caucasian  chain,  without  explaining  them  in  the 
same  way  as  those  of  Russia  and  the  Ural  ?  Yet,  however  analogous,  the  pheno- 
mena of  the  Caucasian  chain,  as  just  expressed,  are  very  different  in  age  from 
those  of  the  north  or  the  Ural  Mountains.  And  as  the  eruptions,  by  which 
enormous  masses  of  sedimentary  and  plutonic  matter  were  heaved  up  to  great 
heights,  took  place  after  the  consolidation  of  the  chalk ;  might  not,  we  ask,  the 
raising  up  of  so  much  solid  matter  have  led  to  a  great  corresponding  depression  in 
an  adjacent  portion  of  the  earth's  surface  ?  May  not,  in  short,  some  of  the  first 
upheavals  of  the  mighty  Caucasus  have  been  the  means  of  separating  a  wide  tract 
from  the  ancient  ocean,  and  of  occasioning  at  the  same  time  that  vast  depression 
in  which  the  Aralo-Caspian  beds  were  accumulated  ? 

But  if  we  thus  hypothetically  attempt  to  shadow  out  the  cause  of  one  of  the  many 
great  changes  which  have  taken  place,  it  should  be  remembered,  that,  with  the 
exception  of  such  passing  allusions  (including  our  speculations  upon  the  transport 
of  erratic  superficial  materials  and  the  accumulation  of  the  black  earth),  nothing 
involving  the  true  history  and  classification  of  the  successive  formations  of  the 
earth's  crust, — nothing,  in  short,  affecting  the  great  truths  of  inductive  geology, — 
has  been  advanced,  which  is  not  substantiated  by  ample  proofs. 

In  Russia  and  Scandinavia,  the  first  pages  of  true  geological  history  are,  we  have 
said,  more  clearly,  legibly  and  largely  defined  than  in  any  other  region  with  which 
we  are  acquainted1 ;  and,  in  conclusion,  we  now  refer  our  readers  to  our  second 
volume,  which  consisting  of  a  detailed  description  of  the  fossil  remains  in  each 
rock  system,  constitutes  the  chief  justification  of  those  leading  inductions,  by  the 
accuracy  of  which  we  are  desirous  of  being  judged. 

It  would,  indeed,  be  presumptuous  did  we  pretend,  that  this  work  could  be  re- 
garded as  a  full  and  accurate  monograph  of  the  structural  relations  of  the  vast 
empire  of  Russia.  But  although  years  must  elapse  before  such  a  consummation 
be  attained,  wc  offer  this  outline  to  the  public,  in  the  hope  that  those  who  from 
their  kuowledge  of  the  subject  will  be  best  aware  of  its  imperfections,  may  approve 
of  the  efforts  we  have  made,  to  lay  down  and  render  permanent  some  additional 
foundation-stones  of  geological  science. 

Finally,  may  we  not  say,  that  every  effort  made  by  man  to  read  new  lessons  in 
the  ancient  book  of  nature  has  augmented  his  admiration  of  the  works  of  the 
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Creator  ?  and  when  it  is  seen,  that  the  true  history  of  the  changes  which  He  has 
successively  ordained  in  our  planet,  from  the  earliest  days  of  animated  nature  to 
the  present  period,  has  been  evolved  by  the  comparatively  recent  labours  of  a  few 
men  of  science,  we  may  be  permitted  to  rejoice  in  having  formed  a  part  of  the 
zealous  band  whose  researches  after  truth  have  developed  so  many  new  sources  of 
natural  knowledge, — sources,  which  at  every  onward  step  proclaim,  in  the  lan- 
guage of  the  sublime  Italian  poet, 

M  La  gloria  di  Colui  chc  tutto  muove 
Per  I'universo  penetra  e  rispletide." 
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Description  of  some  characteristic  Pala;o/.oic  Corals  of  Russia.    By  W.  Lonsdale,  F.G.S. 

Syringopora  parallela,  Fischer. 

TlBES  tinder,  nearly  parallel,  closely  fatciculated,  rarely  branched;  outer  turf  ace  rugote,  inner  furrowed 
longitudinally ;  furrows  exceeding  twelve;  connecting procettet  very  tkort,  unequally  disposed ;  internal, 
funnel-shaped  plates  very  irregular ;  medial  pipe  variable  in  position  and  form ;  terminal  cup  deep  ; 
sides  furrowed;  intermediate  ridges  tubercled;  edge  smooth,  thorp. 

tlarmodites  parallelus,  Fischer  dc  Waldhcim,  Oryctographie  du  Gouvemement  de  Mosoou,  p.  161. 
pi.  37.  fig.  6.  ( Carboniferous  limestone,  Miatchkova  near  Moscow.) 

The  specimen  assigned  to  this  species  agreed  with  M.  Fischer's  excellent  figure,  and  with  his  descrip- 
tion in  all  respects,  except  that  the  enlargement  of  the  tubes  at  the  insertion  of  the  connecting  processes 
was  not  a  constant  character.  It  agreed  likewise  very  nearly  with  Goldfuss's  figure  of  Syring.  reticulata 
(Petref.  pi.  25.  fig.  8.  p.  76),  an  Olne  fossil,  which  is  stated  by  M.  Fischer  to  occur  also  in  the  neigh- 
bourhood of  Moscow ;  and  is  considered  by  him  to  differ  from  Syring.  parallela  only  in  wanting  the 
enlargements  of  the  tubes  (Oryc.,  p.  161).  The  author  of  these  Notes  not  having  been  able  to  compare 
the  Russian  specimen,  under  consideration,  with  one  from  Olne,  or  with  the  fossils  from  other  localities 
assigned  to  Syring.  reticulata  by  numerous  authorities,  it  has  been  deemed  advisable  not  to  give  that 
specific  name  as  a  synonym. 

The  fine  specimen  of  Syring.  parallela  which  was  examined,  was  about  three  inches  in  height  and  width, 
and  one  and  a  half  in  thickness.  The  tubes  in  their  vertical  range  probably  equalled  that  of  the  mass  of 
the  coral,  though  their  diameter  seldom  exceeded  a  line.  They  diverged  slightly  from  the  base  upwards, 
but  were  individually  so  nearly  straight,  that  the  adjacent  tubes  might  be  regarded  as  parallel.  The  inter- 
spaces were  very  small.  The  outer  wall  was  seldom  well-exhibited,  bat  it  possessed  considerable  relative 
thickness ;  and  the  portions  beat  preserved  displayed  clearly  a  very  minutely  porous  structure,  somewhat 
similar  to  that  of  Tubipora  music  a.  The  longitudinal  furrows,  first  noticed  in  a  published  account  of  the 
genus,  it  is  believed,  by  M.  dc  Blainville  (Man.  d'Actinol.  p.  354),  were,  as  in  other  species,  not  often  to 
be  detected.  Their  exact  number  was  not  ascertained,  but  it  exceeded  twelve,  a  determination  neverthe- 
less of  interest,  in  an  attempt  to  assign  a  systematic  position  to  the  genus,  and  sufficient,  it  is  conceived, 
to  remove  Syringopora  from  the  families  Tubiporina  or  Halcyonina.  Where  best  displayed,  the  furrows 
were  rather  less  in  breadth  than  the  dividing  ridges ;  and  the  latter  were  so  prominently  tubercled,  as  to 
give  to  perfect  casts  of  the  former  a  similar  aspect.  The  funnel-shaped  plates  had  generally  an  oblique 
upper  edge,  and  were  extremely  irregular  in  position  as  well  as  curvature,  and  apparently  seldom  ranged 
singly  around  the  tube  at  their  superior  extremity.    The  medial  pipe,  when  it  could  be  detected,  was 
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commonly  excentric,  and  its  range  was  occasionally  marked  by  an  earthy  ferruginous  stain.  Nothing 
was  noticed  respecting  the  transverse  processes,  except  that  the  pipe  by  vrhich  they  were  permeated  re- 
sembled the  one  in  the  tubes,  and  was  connected  with  it.   Only  the  half  of  a  terminal  cup  was  observed. 


of  a  portion  of  a  curved  plate,  moulded  against  the  ribbed  side. 

No  changes  incident  upon  age  were  observed,  the  walla  at  the  upper  extremity  of  the  tubes  varying  as 
much  in  thickness  as  at  the  lower ;  and  there  was  not  the  least  sign  of  external  additions,  by  means  of 
a  mantle,  the  parallel  tubes  though  occasionally  almost  in  contact,  for  some  distance,  being  yet  uncon- 
nected by  any  layer  of  animal  origin. 

In  its  general  characters  Syringopora  presents  so  many  affinities  to  Tubipora,  that  the  earlier  describcrs 
of  the  fossils  belonging  to  it,  were  justified  in  placing  them  in  that  genus,  This  agreement  lias  been 
more  recently  dwelt  upon  by  Fischer,  and  alluded  to  by  Prof.  Goldfuss  in  making  his  separation,  as  well 
as  by  M.  de  Blainvillc  and  Dr.  Milne  Edwards  (Lamarck,  2nd  edit.  vol.  ii.  p.  327);  but  it  is  inferred, 
from  the  characters  already  noticed,  that  Syringopura  should  be  assigned  to  that  division  of  Khrenberg's 
Zoocorallia  which  includes  genera  having  more  than  eight  tcntaeulcs  or  lamella;,  and  provided  with  an 
internal  stony  structure ;  and  in  which  that  authority  has  placed  the  true  Turbinobjc. 

Localities  and  Formation*. — Perimishel.  south  of  Kaluga;  Vitegra.  Ilinsk  on  the  Tchussovaya :  Car- 
boniferous limestone.    Odoyef  near  Lichvin  :  Upper  Devonian  ? 

The  latter  specimen,  two  and  u  half  inches  in  breadth,  two  in  width,  and  one  in  height,  consisted  of 
closely  aggregated  tubes,  which  presented  no  perceptible  differences  from  those  of  the  carboniferous  fossil ; 
but  they  diverged  much  more  rapidly,  and  though  parallel  in  some  portions  of  the  specimen,  they  exhibited 
great  irregularities  of  growth,  due  apparently  to  external  disturbing  causes, 

Syringopora  distant. 

Tubes  not  closely  fasciculated,  slightly  bent ;  branches  few ;  connecting  processes  distant ;  funnel-shaped 
plates  irregular  ;  medial  pipe  generally  excentric. 

Harmodites  distant,  Fischer  de  Waldheim,  Oryct.  de  Moscou,  p.  161.  pi.  37.  figs.  1,  2.  (Arkhangelsky. 
ten  vcrsts  from  Moscow  in  alluvial  marly  sand.) 

M.  Fischer  considers  the  Russian  coral  to  be  identical  with  GoldWs  Syring.  ramulosa  from  Olne 
(Petref.  pi.  25.  fig.  7.  p.  76),  but  «s  the  author  of  these  Notes  did  not  possess,  in  this  case  also,  the 
means  of  comparing  specimens  from  the  different  localities,  it  was  considered  advisable  only  to  allude  to 
M.  Fischer's  identification. 

The  small  fragment  of  Syring.  distans  which  was  examined,  agreed  generally  with  the  slight  though 
graphic  figures  in  the  '  Oryctogruphie  ' ;  but  it  bore  evident  marks  of  friction,  and  afforded  few  facilities  for 
ascertaining  satisfactorily  the  structural  details.  The  tubes  differed  from  those  of  Syring.  parallels  in 
their  greater  relative  dimensions,  the  average  diameter  being  one  and  a  half  line,  and  in  the  strength  of 
the  outer  walls,  both  of  the  tubes  and  the  connecting  processes.  The  walls,  so  far  as  the  characters  could 
be  ascertained,  were  externally  smooth  or  very  slightly  traversed  by  lines  of  growth :  the  substance  of 
which  they  were  composed  exhibited  faintly  a  microscopic,  reticulated  structure,  similar  to  that  noticed 
in  the  memoranda  on  Syring.  parallela ;  and  the  cast  of  the  interior  indicated,  in  a  few  cases,  the  former 
existence  of  alight  furrows.  The  disposition  of  the  internal  funnel-shaped  plates  was  extremely  irregular, 
as  well  as  the  range  of  the  medial  tube,  where  it  could  be  traced ;  presenting  in  each  case  marked  dif- 
ferences from  the  uniformity  delineated  in  figure  7  6  of  Syring.  ramulosa.  (Petref.  pi.  25.)  The 
broken  commencements  of  the  connecting  processes  gave  the  tubes  a  very  knotty  aspect.  Their  cavities, 
at  the  points  of  issue,  were  more  or  leas  occupied  by  curved  plates,  diverging  extensions  of  those  in  the 
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main  stems j  but  the  chief  part  of  the  process  appeared  to  be  traversed,  in  the  best-exposed  ca»e.  by  a 
simple  pipe  of  considerable  dimensions. 

Locality  and  Formation. — Shidrova,  River  Vaga.    Drift  from  the  Carboniferous  limestone. 

Syringopora. — In  the  cabinet  of  M.  de  Vcrneuil  is  a  specimen  of  Syringopora,  resembling  in  its 
manner  of  growth  and  dimensions  the  preceding  species,  but  with  stronger  indications  of  internal 
furrows.  On  account  of  the  ailicified  mode  of  mineralization,  its  characters  could  not  be  satisfactorily 
ascertained. 

Locality  and  Formation,— Minsk,  on  the  riTer  Tchussovaya,  west  of  the  Ural  Mountains.  Carboniferous 

Catrnipora  labyrintkica.  Goldfuss. 
Goldfuss,  Pctrcfacta.  p  75.  pi.  25.  fig.  5. 

Haiyritet  labyrintkica,  Fischer  de  Waldheirn,  Oryc.  Oouvcrn.  Mosrou,  p.  104,  pL  38.  figs.  1.  2,  4. 
M  Fischer's  specimens  were  obtained  from  detritus  in  the  neighbourhood  of  Moscow. 

In  conformity  with  the  suggestion  of  Dr.  Milne  Edwards,  this  genus  is  removed  from  the  systematic  posi- 
tions usually  assigned  to  it ;  but  the  number  of  furrows  or  incipient  lamella;  being  clearly  12,  it  cannot 
be  regarded  as  an  "  Alcyonien  *'  (Lamarck,  2nd  edit.  ii.  p.  322),  and  is  therefore  placed  in  these  memo- 
randa next  to  Syringopora.  and  in  the  3rd  family  of  Ehrcnberg's  Zoocorallia. 

Locatitift  and  Formation.— h\e  of  Dago.  L'ppcr  Silurian.  Top  of  Lower  Silurian,  at  Naissi,  in  Lithuania. 

Ch.«tktb9,  Fischer. 

So  greatly  do  the  corals  referrible  to  this  genus  resemble  Favosites  (Calamupora),  that  all  the  authori- 
ties, except  M.  Fischer,  by  whom  palaeozoic  species  have  been  described,  have  considered  them  as  belong- 
ing to  it,  M.  Fischer,  in  his  summary  of  characters,  observes,  that  Chastetcs  is  distinguished  from  Favo- 
sites (Calamopora)  by  the  absence  in  the  tubes  of  "  diaphragms,"  or  transverse  lamina?.  This  statement 
probably  originated  from  an  examination  of  specimens  of  Chat,  radiant,  in  which  species  the  diaphragms 
are  often  very  widely  separated,  and  not  unfrequently  have  been  almost  altogether  removed  by  decompo- 
sition. In  this  resjwet,  therefore,  Chattctca  does  not  differ  from  Favosites  ;  but  it  differs  in  the  absence 
of  connecting  foramina,  as  well  at  in  other  essential  structural  characters.  (Oryctographie,  &c.,p.  159.) 

When  a  specimen  of  Favosites,  retaining  in  part  the  substance  of  the  original  coral,  is  vertically  frac- 
tured, the  walls  of  the  adjacent  columns  separate  readily,  and  the  exposed  surfaces  arc  clearly  shown  to 
present  the  outer  aide  by  exhibiting  the  irregular  lines  of  growth,  and  by  the  total  absence  of  any 
attached  fractured  edges  of  diaphragms.  At  the  re-entering  angles  formed  by  the  meeting  of  the  planes 
of  two  adjacent  columns,  there  may  likewise  be  generally  traced  an  undisturbed  line  of  separation.  lu 
those  cases  in  which  mineral  matter  has  wholly  replaced  the  original  substance  of  the  coral,  and  has  also 
been  moulded  on  its  structural  markings,  the  same  tendency  to  divide  along  the  outer  side  of  the  wall*  is 
retained,  the  exposed  surfaces  equally  exhibiting  the  irregular  lines  of  growth  and  the  absence  of  frac- 
tured diaphragms.  Care,  however,  must  be  taken  in  those  species  which,  like  Favorites  alvtolarit,  have 
the  connecting  foramina  on  the  angles,  to  detect  the  line  of  separation  along  that  junction,  as  the  struc- 
tural inequalities  are  there  often  great,  and  the  dividing  seams  in  consequence  concealed.  In  some  cases 
also,  an  apparently  perfect  blending  is  produced  by  a  projecting  foramen  being  received  within  a  corre- 
sponding opjxwite  cavity.  In  all  these  instances,  nevertheless,  the  exterior  sides  of  the  broad  planes  of 
the  columns  are  easily  parted,  and  their  true  nature  may  be  clearly  recognised. 

On  the  contrary,  in  Cba;tetcs  the  walls  of  adjacent  columns  seem  to  be  inseparable,  or  formed  of  inti- 
mately united  lamin*.  In  extensive  sections  of  Ck*t.  radiant,  having  the  interior  of  the  tubes  but  slightly- 
coated  with  infiltcred  matter,  not  a  single  instance  was  discovered  of  the  outer  side  of  a  wall.    Many  fiat. 
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vertical  plane*  were  noticed,  as  well  a*  re-entering  angles  formed  by  the  junction  of  two  walls,  situated 
obliquely  to  the  general  surface  of  the  specimen ;  but  in  every  case  the  flat  plane  or  the  re-entering  angle 
could  be  traced  upwards  or  downwards  till  it  pasted  within  the  area  of  a  tube,  and  therefore  ascertained 
to  be  an  inner  portion  of  the  same  tube  exposed  by  fracture ;  or  if  this  could  not  be  effected,  a  careful 
examination  of  tie  edges  of  the  planes  never  failed  to  prove  that  they  were  rough,  and  that  the  unevea- 
ncss  was  due  to  the  remains  of  walla  which  had  projected  from  them,  and  had  constituted  inner  sides  of 
destroyed  columns.  In  other  specimens  of  the  same  species,  retaining  the  original  substance  of  the  coral 
but  having  the  tubes  filled  with  calcareous  spar,  not  a  vestige  of  the  outer  surface  of  a  wall  could  be  dis- 
covered ;  and  in  others,  again,  in  which  the  animal  structure  had  been  replaced  by  infiltered  matter, 
characters  analogous  to  those  of  Favositcs  could  in  nowise  be  perceived. 

These  differences  are  believed  to  be  necessary  results  of  the  distinct  mode  by  which  additional  columns 
were  developed  in  each  genus. 

In  Favositcs  the  additional  tubes  dependent  on  the  growth  of  the  polypes  originated,  so  far  as  the  author 
is  acquainted  with  the  genus,  either  in  gcmmules  deposited  in  interspaces  or  developed  on  the  extreme 
margin  of  the  parent  polype.  In  either  instance  a  perfect  individuality  immediately  took  place,  and  the 
young  animal,  which  rapidly  attained  considerable  lateral  dimensions,  constructed  its  tube  without  the 
area  of  the  parent  column,  building  up  the  walls  unassisted  by  its  neighbours.  In  almost  every  example 
the  sides  of  the  surrounding  tubes  are  impressed  by  those  of  the  interposed  tube,  indicating  that  the  whole 
grew  contemporaneously,  and  that  the  struggles  for  space  of  the  vigorous,  rapidly  expanding  young 
polype  interfered  with  the  outline  of  the  walls  of  the  full-grown  animal,  which  necessarily  possessed,  on 
account  of  its  lateral  enlargement  having  ceased,  no  power  to  resist  such  encroachments.  From  the  mode 
of  development  having  been  thus  wholly  interstitial,  it  is  inferred,  that  the  exterior  surfaces  of  adjacent 
walls  must  naturally  and  easily  separate.  It  is  further  inferred,  that  the  polypes  at  the  superior  boundary 
of  the  coral  mass  had  no  common  connexion,  but  were  |>erfcctly  circumscribed  and  separated. 

The  essential  manner  of  developing  additional  tubes  in  Chactctes  was,  however,  by  a  subdivision  within 
the  area  of  the  parent.  On  examining  transverse  sections  (pi.  A.,  fig.  9  o),  particularly  those  in  which  the 
coral  is  but  slightly  coated  with  infiltered  matter,  a  plate  will  be  frequently  seen  projecting  from  one  or 
more  sides  i  and  by  extending  the  research,  similar  lamina  will  be  found  to  range  quite  across,  effecting 
either  a  simple  subdivision  into  two  areas,  or  a  complex  one  into  three  or  even  four.  These  intersected 
spaces  are  easily  distinguished  by  the  plates  springing  from  sides  and  not  angles.  Again,  in  a  vertical  sec- 
tion of  such  specimens,  thin,  interrupted  laminae  will  be  readily  detected,  ranging  perpendicularly  within 
many  of  the  tubes.  They  are  not  usually  continuous  for  any  distance,  but  they  perfectly  agree  in  their 
nature  with  the  plates  just  noticed  ;  and  the  want  of  persistence  may  be  rightly  assigned  to  the  perishable 
tendency  of  the  coral.  Case*,  however,  were  observed  of  plates  which  extended  without  interruption,  and 
probably  from  their  first  development,  for  more  than  an  inch.  In  such  examples  the  walls  of  the  original 
tube  ranged  regularly  upwards,  but  with  a  slight  divergence,  and  the  introduced  lamina,  at  first  not 
quite  medial,  gradually  assumed  that  position.  From  this  plan  of  producing  additional  tubes,  it  is  pre- 
sumed that  there  could  be  no  natural  tendency  in  the  component  structure  of  the  wall*  to  divide  into 
two  plates,  as  in  Favositcs ;  and,  further,  that  the  polypes  by  which  a  mass  of  tubes  was  formed  had  a 
community  of  existence,  and  were  united  at  the  outer  boundary  of  the  coral  in  one  animal  layer. 

Based  on  these  imperfectly  explained  structures,  the  following  provisional  generic  characters  are 
proposed : — 

A  polymvrphom  polypidom  formed  of  tubei  etottlf  agoregated  and  trarmtd  by  diaphragm ;  valU  imrparable ; 
■  *.», — i  ,  ,      mWarmi  h*  mMtWWou  in/Mm  the  arra  tit  the  uarvnl  tube  or  b*  exteiaioaj  of  the  onilrup  aluma  tie 

U  O'  I  if  t'  mill  *  umt  b  if  i  ve\i  n  t.  ~*  *      y  e  is  1/ u  I  &  Mivrw  w  *• 1  *  •  ™  •  "    »•*  I  *■  •  - ' %   t  ■         #  w^rwve^m  \rj     %         m^^&Mr^   *■  *  *  J 

margin  of  the  cerai  mau. 
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Tn  suggest  grounds  for  specific  distinctions  in  fossil  corals  of  so  simple  a  composition  is  extremely  diffi- 
cult, especially  when  characters  dependent  upon  the  limits  of  growth  have  not  been  ascertained.  So  far, 
however,  as  the  deacriber's  observations  have  extended,  the  distinctions  in  the  arrnngernent  of  the  dia- 
phragms afford  apparently  one  means  for  inferring  differential  structures ;  those  variations  implying,  it 
is  presumed,  peculiarities  in  the  form  of  the  polypes.  In  the  remarks  upon  Chat,  radian*  it  is  shown, 
that  the  diaphragms  are  distributed  in  concentric  or  parallel  bands,  and  often  at  considerable  distances, 
the  bands  being  composed  of  a  single  series  of  plates,  or  of  a  variable  number  of  closely-situated  laminae, 
whilst  in  the  account  of  Chat.  PetropoUtamu  it  is  explained,  that  the  diaphragms  are  irregularly  distri- 
buted over  the  whole  area  of  a  vertical  section.  In  other  fossils  belonging  to  the  genus,  but  not  included 
in  this  notice,  distinct  peculiarities  were  observed.  It  is  further  suggested,  that  the  characters  exhibited 
by  well- preserved  terminal  edges  of  tlie  tubes  might  afford  some  aid  in  specific  determinations ;  a  protected 
surface  of  Chat,  radiant,  which  presented  probably  a  periodical  renewal  of  growth,  having  the  edges  sur- 
mounted  by  a  series  of  very  prominent  tubercles. 

The  above  remarks  are  not  offered  with  the  idea,  that  the  characters  alluded  to  could  constitute  alone 

structures. 

Figure  9  a  in  the  Plate  A.,  illustrative  of  the  corals,  exhibits  the  sub-divisional  laminae  mentioned  in 
the  remarks  on  the  mode  of  producing  additional  tubes  within  the  area  of  pre-existing. 

Chtctett*  radian*.  Fischer. 

nperior  edge*  of  tube*  generally  even,  sometime*  tnberculated.    (Plate  A.,  fig.  9.) 

Chtetete*  radian*,  Fischer,  Oryc.  dc  Moecou,  p.  160.  pi.  36.  f.  6.  (Miatchkova) ;  Milne  Edwards,  2nd 
edit.  Lamarck.  Anim.  sans  Vert,  iL  p.  459. 

This  fine  and  apparently  abundant  coral  is  believed  to  differ  from  the  carboniferous  limestone  fossils  of 
England,  rcferrible  to  the  same  genus.  One  of  the  specimens  examined  in  preparing  these  memoranda, 
was  a  portion  of  an  irregulurly  elliptical  mass,  those  measurements  which  might  be  termed  the  semi-axis 
major,  or  greatest  altitude,  and  the  semi-axis  minor  being  respectively  four  and  two  and  a  half  inches 
(fig.  9.).  The  tubes  diverged  rapidly  in  the  direction  of  the  latter  line,  but  the  curvature  gradually 
decreased  as  they  assumed  an  upward  range,  disappearing  in  the  greater  axis.  The  exterior  of  the  spe- 
cimen presented  considerable  evenness  of  surface,  but  a  variable  amount  of  curvature.  The  diameter  of 
the  tubes  was  about  one-third  of  a  line,  but  the  length  in  some  cases  appeared  to  be  equal  to  the  altitude 
of  the  specimen. 

Perfect  terminations  to  the  tubes,  or  such  as  might  be  assumed  to  be  perfect,  were  not  noticed,  the  edges 
being  cither  fractured  and  worn  or  in  a  state  of  development,  presenting  boldly-serrated  or  tuberculated 
margins.  The  mouths  were  more  or  less  occupied  by  calcareous  spar,  according  to  the  amount  of  infil- 
tercd  matter ;  in  some  cases  they  were  also  partially  or  wholly  crossed  by  the  transverse  lam  in*. 

The  bands  of  diaphragms  ranged  nearly  parallel  to  each  other  and  to  the  surface  of  the  specimens. 
The  distance  between  them  was  generally  from  one  and  a  half  to  two  lines,  and  in  some  cases  no  distinct 
band  could  be  detected  in  an  interval  of  four  lines,  but  near  the  surface  the  distance  did  not  exceed  one 
line.  In  all  cases,  however,  whether  the  bands  were  composed  of  a  single  series  of  plates  forming  a  con- 
tinuous arched  line,  or  of  many  plates  more  or  less  closely  disposed,  and  attaining,  it  is  believed,  in  some 
rare  instances  nearly  half  an  inch  in  thickness,  there  were  well-defined,  relatively  broad  intervals,  in 
which  it  was  rare  to  detect  even  a  single  isolated  plate.  The  broadest  bands  which  were  noticed,  were 
situated  at  the  base  of  one  specimen  and  near  the  circumference  of  another. 
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The  mode  of  developing  tubes  within  the  area  of  others  was  exhibited  in  ever)'  transverse  and  vertical 
section  (fig.  9  o).  but  no  satisfactory  information  was  obtained,  whereby  their  commencement  could  be  con- 
nected with  the  production  of  the  diaphragm*,  or  separated  from  it.  The  polygonal  form  in  these  additional 
tubes  was  apparently  produced  by  the  gradual  deposition  of  matter  at  the  angles  formed  by  the  divisional 
plate*  with  the  walls  from  which  they  issued.  In  some  few  instance*-,  a  round  pore,  varying  in  diameter 
in  different  cases,  was  noticed  in  a  thickened  iutcrval ;  and  it  was  considered  to  present  a  rudimentary 
state  of  an  intcrspacctial  tube,  developed  by  oil  extension  of  the  membrane  connecting  the  polype  mass. 

Localities  and  Formation.— Kaluga,  and  Vitegra,  Borovitchi  near  Valdai.    Carboniferous  limestone. 

Chttetes  dilatatus,  Fischer. 

Incrusting  ;  tubr*  polygonal,  small,  short,  vertical  or  inclined ;  diaphragm*  not  numerous;  superior  termina- 
tion of  tubes  even,  or  tubermlaled  at  the  angles,  and  granulated  on  the  edges. 

Chatetes  dilatatus,  Fischer  dc  Waldhcim.  Oryc.  de  Moacou,  p.  160.  tab.  36.  fig.  2.  (Miatehkova). 

The  coral  believed  to  belong  to  this  specie*,  agreeing  perfectly  with  M.  Fischer's  description,  en- 
crusted a  specimen  of  Chat,  radians.  It  occupied  n  surface  about  two  inches  in  width  and  one  in  breadth  ; 
but  its  greatest  altitude  did  not  exceed  a  quarter  of  an  inch.  It  was  distinguished  from  the  species  on 
which  it  rested,  by  the  relative  fineness  of  the  tubes,  the  dinmeter  being  about  one-fourth  of  a  line  j  and 
by  their  generally  unconformable  position,  particularly  in  the  lower  portion.  The  diaphragms,  so  far  as 
they  could  be  ascertained,  were  irregularly  distributed  in  this  specimen ;  but  in  another  fossil,  from 
Miatehkova,  considered  to  belong  to  the  species,  they  were  very  numerous;  and  the  membrane,  men- 
tioned by  M.  Fischer  as  surrounding  the  mouth,  appeared  to  be  an  imperfect  development  of  diaphragms. 
In  a  sheltered  position,  a  few  preserved  terminations  exhibited  a  bold  tubercle  at  the  angles,  and  a  series 
of  finer  points  along  the  edges ;  but  no  weight,  as  a  specific  distinction,  is  placed  upon  this  character. 
Divisional  plates  connected  with  the  production  of  additional  tube*  were  noticed. 

Localities  and  Formation.— Borovitchi ;  Miatehkova.   Carboniferous  limestone. 

Chatetes  Petropolitanus. 

Globular ,  hemispherical  or  inversely  conical;  tubes  polygonal,  irregularly  arranged;  diaphragms  not  in  bands 
but  uneyually  distributed  throughout  the  tubes.    (Plate  A.,  fig.  10.) 

Favosites  Petropolitana,  Pander,  Beitriigc  zur  Ocognosie  des  Russischen  Reiches.  p.  100-105.  tab.  1. 
figs.  6.  7,  8.9.  10  a.  106.  11.  1830. 

Calamopora  fibrosa,  Eichwald,  Systeme  Silurien  de  l'Ksthonie,  p.  209.  1840. 

A  careful  examination  of  specimens  agreeing  with  M.  Pander's  figures  and  general  remarks,  led  to  the 
inference,  that  they  possessed  all  the  essential  generic  characters  of  Chatctcs. 

M.  Pander  considers  the  globular,  hemispherical  and  conical  specimens  described  by  him,  as  varieties 
of  one  *|>ecies ;  and,  it  is  believed,  that  the  differences  which  may  be  noticed  internally,  depend  on  the 
conditions  under  which  the  polypidom  was  developed.  In  a  well-preserved  hemispherical  specimen, 
two  inches  in  diameter  and  nine  lines  in  the  thickest  part,  the  tubes  did  not  radiate  suddenly  from  the 
centre,  but  the  lutiral  increase  had  been  produced  by  the  successive  addition  of  marginal  tubes,  which 
sprung  from  the  base,  and  slightly  inclined  outwards.  The  concave  under-surface  of  the  same  specimen 
exhibited,  besides  concentric  irregularities,  the  oblique  lower  terminations  of  the  tubes  arranged  in  a  manner 
which  resembled  radiating  lines.  In  a  conical  specimen  one  and  a  quarter  inch  in  height,  and  on  inch 
in  diameter  at  the  upper  (broad)  extremity,  the  increase  in  width  had  also  resulted  from  a  similar  mode 
of  production  ;  but  all  the  tubes  necessarily  ranged  vertically,  and  the  conical  surface  exhibited  also  circu- 
lar irregularities,  as  well  as  terminations  of  the  tubes,  though  less  distinctly  in  that  specimen  than  in 
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another  of  the  same  farm.  A  mass  of  a  nearly  globular  shape,  two  and  a  half  inches  in  one  diameter, 
and  three  in  the  other,  had  the  surface  almost  wholly  weathered,  and  therefore  exhibited  no  clear  cha- 
racters; but  internally,  the  arrangement  of  the  tubes  agreed  with  that  of  the  hemispherical  specimen. 

The  oriiriniU  walls  of  the  coral  were,  apparently,  almost  membranous,  and  liable  under  some  conditions 
to  irregular  contraction*,  as  well  as  considerable  deviations  in  the  line  of  growth  ;  but  in  the  large, 
globular  mass,  such  inequalities  were  far  less  conspicuous. 

The  diaphragms,  exposed  in  vertical  sections,  of  all  the  varieties  of  form,  were  distributed  over  the 
whole  surface,  and  without  the  least  indication  of  grouping  in  bands.  In  the  hemispherical  (pi.  A.,  fig.  10) 
and  conical  specimens,  which  exhibited  considerable  irregularities  in  growth,  the  disposition  of  the  dia- 
phragms was  very  unequal ;  while  in  the  large  globular  mass,  a  portion  of  which  is  represented  by  fig.  10  a, 
the  plates,  without  observing  any  definite  order,  were  uniformly  distributed.  In  some  portions,  however, 
of  the  other  varieties  the  number  of  plates  corresponded  ;  and  the  differences  displayed,  may,  it  is  be- 
lieved, be  rightly  assigned  to  circumstances  which  affected  the  mode  of  growth  or  production  of  the 
polypes,  and  consequently  modified  the  distribution  of  the  diaphragms. 

With  respect  to  the  development  of  additional  tubes  within  the  area  of  those  which  pre-existed,  it  may 
be  stated,  that  divisional  laminar  were  noticed  in  transparent,  vertical  slices  of  the  hemispherical  and  glo- 
bose varieties,  though  less  distinctly  in  the  latter  than  the  former :  and  that  while,  in  a  similar  section  of 
the  conical  specimen,  they  were  not  satisfactorily  detected,  a  transverse  slice  exhibited  clearly  divisional 
lamina;,  ranging  from  opposite  planes.  The  whole  of  these  specimens,  moreover,  proved  clearly  the 
powers  which  the  polype  mass  possessed  of  extending  laterally  and  producing  marginal  tubes. 

ChaUtet  Pttropoiilanus  having  been  considered  identical  with  Favoritet  (Chatclet)  fibrata,  var.  globoia, 
of  the  Eifel,  it  is  necessary  to  observe,  that  in  vertical  sections  of  a  specimen  of  the  latter  fossil,  which 
belonged  to  M.  de  Verncuil'a  cabinet,  perpendicular,  divisional  lamina1  within  the  tubes  were  noticed,  also 
fragments  of  the  original  coral,  exhibiting  only  interior  surface- walla,  similar  to  those  of  Chat,  radiant ; 
and  it  was  therefore  inferred  that  the  fossil  ought  to  be  removed  from  the  genus  Favosites.  A*  regards 
the  species,  it  may  be  stated,  that  the  diaphragms  were  uniformly  rare,  without  any  signs  of  disturbed 
growth.    The  height  of  the  specimen  was  seven  lines. 

Chtct.  Petropolitanut  is  believed  to  be  identical  with  a  globose  tubular  coral  which  occurs  in  the  I^jwer 
Silurian  beds  of  Cbristiania  Bay,  Norway. 

Localities  and  Formation. — Nikolsk  to  Pctropavlosk,  on  the  river  Volkof ;  banks  of  the  Siass  river; 
ravines  of  Pulkovka  and  Popovka,  south  of  St.  Pctersburgh ;  plateau  of  Czarskoe-celo ;  sea  cliffs  from 
Narva  to  Keval.    Lower  Silurian. 

LlTUODINOSOK. 

The  Lithodendra  of  English  fossil  zoologists  differ  materially  in  structure  from  the  corals  typical  of  the 
subdivisions  of  the  genus,  as  originally  proposed  by  Schweigger  (Beobachtungen.  Syst.  tab.  VI.).  Aa 
however  those  corals  have  been  referred  by  approved  authorities  to  other  established  genera,  leaving 
Schweiggcr's  Lithodcndron  without  a  representative,  and  as  the  continental  systematic  zoologists  who 
have  adopted  the  genus,  more  or  less  in  conformity  with  the  original  proposer's  views,  have  also  included 
in  it  corals  of  great  diversity  of  characters,  it  has  been  deemed  correct  in  retaining  the  generic  name, 
long  applied  by  British  geologists  to  peculiar  mountain  limestone  polyparia,  to  adopt  Prof.  J.  Phillips's 
characters,  though  they  differ  completely  from  those  of  Schweigger. 

Mr.  Phillips's  generic  characters  are,  "cells  concave  with  a  prominent  central  umbo  or  axis;  lamella* 
generally  twisted  or  extinct  near  the  centre."    Ocol.  Yorshirc,  part  ii.  p.  202.  1836. 
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To  this  summary  may  be  added  the  notice,  that  the  coral  ia  branched,  the  branches  springing  from 
germs  developed  on  the  side  of  the  parent  stem  and  never  resulting  from  a  subdivision  of  the  polype ; 
that  each  stem  and  branch  is  traversed  through  its  whole  length  by  n  single  lamcllifcrous  tube ;  that  the 
exterior  of  the  coral  was  not  thickened  by  a  permanently  investing  mantle,  adjacent  surfaces  only  being 
partially  united  by  the  extension  of  a  limited  mantle ;  and  that  the  lamellae  are  simple,  but  bi-plated  and 

By  these  characters  and  the  internal  structure,  Lithodendron  may  be  easily  distinguished  from  (1) 
Oculina.  (2)  Dendrophyllia,  (3)  Caryophyuia  and  (4)  Cladocora.  From  the  first  by  the  continuous, 
central,  lamelliferous  tube  ;  from  the  first  and  second  by  the  absence  of  external  thickenings  arising  from 
a  permanently  investing  mantle  ;  from  Caryophyllia,  as  restricted  by  Bhrenberg,  in  the  branches  not  re- 
suiting  from  a  subdivision  of  the  polypes  ,  and  from  all  the  four  genera  by  the  peculiar  central  diaphragms, 
inclined  upwards  against  the  axis,  as  noticed  by  Prof.  Phillips  in  his  description  of  i 
in  his  illustrations  of  the  genus.    (Geol.  York*.,  part  ii.  pi.  2.  figs.  17,  18.) 


closely  clustered,  cylindrical,  strongly  ribbed;  lamelltr  simple,  variable ;  interspaces  crossed  by  arched 
and  inclined  plates;  central  diaphragms  sloped  upmards.  not  arched;  axis  spindle-shaped;  terminal 
cup  deep.  lamtlUc  not  very  prominent,  unequal ;  height  of  central  boss  less  than  depth  of  cup. 


This  species  is  chiefly  distinguished  by  the  neat  longitudinal  ribs.  The  specimen  examined  was  about 
xo  and  a  half  inches  in  width  and  one  and  a  half  in  breadth,  and  contained  parts  of  twenty-five  closely 
The  height  of  the  largest  portion  did  not  exceed  three  quarters  of  an  inch,  and  its 
diameter  was  three  lines.  Only  two  lateral  shoots  were  noticed,  and  neither  of  them  was  in  a 
I  to  permit  the  mode  of  connexion  with  the  parent  stem  to  be  fully  ascertained.  The  more  favour- 
ably exposed  case  exhibited  transverse  sections  of  the  main  stem  and  of  the  lower  extremity  of  the  attached 
branch.  At  the  junction  there  was  no  clear  demarcation  between  the  two,  but  a  white,  rather  excentric 
line  and  an  imperfect  blending  of  lamellae.  The  other  branch  (fig.  a),  which  was  fully  exposed,  as 
>  position  and  mode  of  growth,  exhibited  from  its  divergence,  a  diameter  equal  to  that  of  the 
A  perfect  transverse  section  of  the  connecting  animal  secretion,  presented  a  repetition  of  the 
structure  within  the  tube,  or  an  outer  extension,  from  each  surface,  of  the  lamella,  with  intermediate 
plates,  and  at  the  junction  there  was  a  strong  white  line. 

An  internal  vertical  section  (fig.  4)  not  quite  through  the  centre  displayed  at  the  opposite  edges  an 
irregular  band  of  inclined,  curved,  or  vesicular  plates,  bounded  on  each  aide  by  an  unequal,  but  more 
solid  layer.  Within  these  bands,  intersections  of  vertical  lamella  were  partially  exhibited,  but  the  : 
i  of  the  area  wa»  traversed  by  the  edges  of  up-tumed  plates  or  diaphragms,  sometimes  single,  i 
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frequently  intermingled  with  subordinate  though  similar  lamina?.  A  strong  white  line  ranging  not  quite 
through  the  centre,  and  against  which  the  up-turned  plates  abutted,  marked  the  position  of  the  axis.  In 
the  description  of  Lithodendron  concameratum,  some  further  details  respecting  the  internal  structure  of  the 
genus  will  be  found. 

Transverse  sections  of  the  stems  gave  very  variable  characters.  At  the  circumference  there  were 
generally  between  the  lamellae,  one  or  more  series  of  arched  lamina?  intersections  of  the  plates,  men- 
tioncd  in  the  remarks  on  the  vertical  structure.  The  lamellar,  alternately  broad  and  narrow,  varied 
considerably  in  their  extension ;  and  the  central  area  was  likewise  very  unequal  in  dimensions,  as  well 
a*  in  the  number  and  in  the  curvature  of  the  intersected  diaphragms.  The  spindle-shaped  axis  was  also 
not  uniformly  bold. 

Locality  and  Formation. — Perimishel,  south  of  Kaluga.    Carboniferous  limestone. 

Lithodcndron  annulatum,  sp.  n. 

Stcmi  clustered,  cylindrical,  faintly  ribbed,  strongly  but  irregularly  annulled,  with  subordinate,  fine,  waved 
lines;  central  diaphragms  raved,  upward  inclination  not  great;  axis  oval.    (Plate  A.,  fig.  5.) 

IMhodendron  annulalum  attained  probably  considerable  dimensions,  though  the  largest  specimen  exa- 
mined had  an  altitude  of  only  three  inches,  the  diameter  of  the  tubes  being  almost  uniformly  five  lines. 
It  il  distinguished  from  other  species,  known  to  the  describer,  by  its  bold,  rounded,  but  unequal  annular 
ridges,  with  subordinate  fine  lines,  and  by  the  waved  contour  of  the  central  plates  (fig.  5  a).  The  only 
additional  point  of  structural  interest  observed  in  this  species  was  the  proof,  that  the  cementing  layer 
between  adjacent  stems  was  secreted  during  the  growth  of  the  coral — the  bold  annular  ridges 
in  some  cases  almost  confluent,  and  the  fine  lines  of  growth  being  distinctly  traceable  from  the  l 
of  one  stem  across  the  connecting  layer  to  the  surface  of  the  next. 

Localities  and  Formation.— River  Issetz,  east  of  Ekaterinburg  ;  Ilinsk,  on  the  Tchussovaya.  Carboni- 


Lithodendron  concameratum,  sp.  n. 

Stems  aggregated,  cylindrical,  slender,  faintly  ribbed,  very  rarely  branched,  occasionally  united;  lamella; 
simple,  equal  in  breadth  ;  interstitial  plates  arched ;  central  diaphragms  dome-shaped,  more  or  less  crossed 
by  vertical  lamina  ;  oris  compressed,  not  persistent,  formed  of  union  of  lamella ;  walls  without  an  inter- 
nal vesicular  layer. 

This  curious  coral  differs  in  some  respects  from  the  ordinary  forms  of  Lithodendron,  yet  it  possesses 
all  the  essential  elements  of  the  genus.  It  is  distinguished  specifically  by  the  dome-shaped  diaphragms. 
The  specimen  examined,  was  three  inches  in  height  and  one  and  a  half  in  breadth  and  depth  :  it  consisted 
of  closely  aggregated  stems  which  had  a  nearly  uniform  diameter  of  two  lines,  and  ranged  upwards  almost 
perpendicularly.  The  lateral  connexions,  so  far  as  they  could  be  ascertained,  were  few  and  of  limited 
extent.    Only  one  very  imperfect  fragment  of  a  branch  or  side-shoot  was  observed. 

The  outer  wall,  as  exposed  in  vertical  and  transverse  sections,  was  thin  and  without  a  trace  of  vesicular 
lining.  The  external  ribs  in  a  few  protected  stems  were  distinct  and  round.  The  lamellae,  about  twenty 
in  number,  sprung  directly  from  the  inner  surface  of  the  wall,  and  were  simple  in  structure  and  uniform 
in  breadth  in  any  single  transverse  section,  but  their  characters  varied  according  to  the  nature  of  the 
section  and  the  state  of  preservation.  The  perfect  diaphragm  formed  a  complete  dome  with  a  slight 
spindle-shaped  opening  or  impression  in  the  centre.  A  well-preserved  under  surface  was  surrounded 
by  a  circle  of  narrow  lamellae  apparently  perfect,  as  the  edges  presented  an  almost  uniform,  arched 
outline ;  between  these  lamellae  were  the  interstitial  commencements  of  the  diaphragms,  and  from  their 
edges  grooves  ranged  upwards  for  some  distance  towards  the  centre  of  the  dome,  but  there  was  not  the 
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(•lightest  trace  of  even  an  attenuated  extension  of  the  lamella:  in  the  groove!.  The  centre  of  the  dome 
ww  a  uniform  smooth  surface,  with  only  an  impression  of  the  apex  of  the  axis. 

The  superior  surface  of  the  diaphragms  had,  under  all  conditions,  near  its  circumference,  a  series  of 
radii  of  variable  dimensions.  In  one  case,  which  exhibited  what  was  probably  a  portion  of  the  upper  side 
of  an  inner  layer  of  the  diaphragm,  slightly  raised  lines  were  visible,  agreeing  in  position  with  the  fur- 
rows on  the  under  surface  of  the  dome,  and  the  centre  was  smooth  to  a  similar  extent.  The  other  half 
of  the  same  diaphragm  had  a  distinct  coating  independent  of  an  incrustation,  and  was  traversed  by  sharp 
ridges  which  ranged  to  the  very  centre.  In  other  cases  these  ridges  were  developed  into  prominent 
lamella;,  which  converged  boldly  from  the  inner  side  of  the  wall  and  terminating  centrally,  formed  a 
projecting  boss  or  the  axis.  Some  transverse  sections  exhibited  an  inner  circle,  in  consequence  of  the 
removal  of  the  middle  of  a  diaphragm  and  the  exposing  of  subjacent  lamella*. 

Whether  the  intervals  between  two  successive  diaphragms  were  fully  intersected  by  lamelhe.pktes  ww 
not  satisfactorily  ascertained,  w  in  the  majority  of  vertical  sections,  which  expused  the  interior  of  the 
stems,  the  structure  had  been  very  partially  preserved.  In  one  instance,  however,  a  series  of  successive 
intervals  so  far  retained  their  original  characters  as  to  lead  to  the  inference,  that  the  lamellte-pUles  wholly 
intersected  those  chambers  with  the  exception  of  a  relatively  large  aperture  near  the  apex.  This  inference 
would  apparently  accord  with  the  previously  noticed  smooth  or  unfurrowed  surface  of  the  central  portion 
of  the  under  side  of  the  diaphragm. 

The  axis  exhibited  very  variable  characters,  but  these  differences  were  also  chiefly  due  to  the  degree  of 
preservation  cither  of  it  or  of  the  surrounding  lamina;.  Being  essentially  composed  of  a  union  of  the  latter 
(developed  upwards  to  the  under  surface  of  the  diaphragm),  its  distinctness  or  prominence,  in  a  transverse 
section,  depended  on  the  fracture  or  the  amount  to  which  it  had  been  separated  by  weathering  from  the 
environing  plate*.  In  some  ewes  it  displayed  a  conical  boss,  in  others  it  was  apparcutly  wanting.  In 
vertical  sections  it  exhibited,  where  preserved,  a  compressed  body  ranging  between  the  successive  dia- 
phragms and  surrounded  by  fractured  edges  of  lamella;,  sometimes  almost  inconspicuous,  but  sometime* 
extending  outwards  like  the  ornamental  sculpturing  of  a  pinnacle.  It  is  inferred  that  the  axi*  never 
penetrated  the  diaphragm,  on  account  of  the  mode  of  production  and  the  perfect  dome-plate,  before 
noticed,  being  only  indented  in  the  centre. 

locality  and  Formation.— River  Ocetcr,  Government  of  Tula.    Carboniferous  limestone. 

Lithodrndron fasciculatum .  J.  Phillips. 

Stem*  cylindrical,  nearly  smooth,  often  united  laterally ;  lamella  timpte,  alternately  broad  and  narrow ;  central 
diaphragm*  highly  inclined,  curved ;  axis  spindle-shaped ;  valh  with  an  internal  vesicular  layer. 
Lithodendro*  fasciculatum,  Phillips,  Geol.  Yorkshire,  part  ii.  p.  202.  plate  2.  figs.  16,  17. 
Madrepora,  Parkinson,  Organic  Remains,  ii.  p.  51.  plate  6.  fig.  8. 

It  was  deemed  advisable  not  to  quote  the  other  authorities  who  have  noticed  this  species,  more  than 
one  coral  being  probably  described  under  the  same  name. 

The  Russian  fossil  assigned  to  Lit  hod.  fatciculatum  differed  not  essentially  in  any  of  its  detail*  from 
specimens  obtained  at  Bristol,  and  identical  with  Parkinson's  figure  quoted  by  Prof.  Phillips. 

Locality  and  Formation. — River  Tchussuvaya,  west  flank  of  Ural  Mountains.  Carboniferous  limestone. 

Ciadocora  *  sarmentosa,  sp.  n. 
Stems  cylindrical,  t leader,  fasciculated ;  lamella  simple,  alternately  broad  and  very  narrow ;  interstitial 
plates  very  irregular ,  centre  no  axis,  bat  blending  of  lamella ;  external  wall  thin,  fine  transverse  ridges. 
This  coral  resembled  externally  and  in  mode  of  growth  the  Lithodendra  of  the  carboniferous  limestone, 
but  it  had  no  axi*  or  upturned  central  diaphragms,  nor  were  the  adjacent  stems  in  any  way  united.  In 
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the  simplicity  of  the  internal  structure,  which  admitted  of  no  subdivisions  into  areas,  there  was  an  agree- 
ment with  the  Cladocorm  of  Ebrenberg  (e.  g.  Clad.  Uevigata,  Madrtpora  flexuosa,  Solander  and  Ellis, 
plate  31.  figs.  5,  6),  also  in  the  total  absence  of  external  thickenings  as  well  as  lateral  junctions; 
there  were,  moreover,  no  signs  of  regular  bifurcations  of  the  stems  ;  but  as  the  true  mode  of  production 
of  the  lateral  branches  was  not  ascertained,  it  was  considered  correct  to  mark  the  generic  determination 
as  doubtful. 

Several  fragments  of  this  coral  were  examined,  but  they  appeared  to  be,  for  the  greater  part,  portions 
of  one  mass.  The  height  and  width  of  the  principal  specimen  were  about  two  inches.  The  stems,  which 
were  separated  by  slight  intervals,  were  nearly  cylindrical,  slightly  flexuosc,  and  had  an  almost  uniform 
diameter  of  two  lines. 

The  outer  wall  was  exceedingly  thin,  and  apparently  bad  no  decided  vesicular  lining.  Externally  it 
was  traversed  by  close,  fine,  annular  ridges  and  stronger  irregularities  of  growth,  and  partially  decom- 
posed surface*  exhibited  faint  indications  of  vertical  ribs.  The  lamella,  which  sprung  directly  from  the 
inner  surface  of  the  wall,  were  about  thirty  in  number,  and  were  alternately  broad  and  very  narrow,  the 
former  ranging  with  slight  flexures  to  the  centre.  They  appeared  to  have  been  simple  in  structure,  but 
liable  to  fracture  and  decomposition,  presenting  in  many  cases  considerable  irregularities  and  occasionally 
indistinctness  of  outline.  The  interstitial  plates  displayed,  in  the  best  transverse  sections,  a  series  of  fine 
arched  lines,  parallel  to  the  wall  and  at  a  short  distance  from  it ;  other  similar  curves,  but  not  forming  n 
regular  series,  also  appeared  nearer  the  centre.  In  vertical  sections  the  plates  exhibited  fine  straight 
lines,  though  without  any  great  uniformity  of  arrangement :  they  had  evidently  been  very  liable  likewise 

lite  centre  had  no  distinct  axis,  consisting  merely  of  a  union  of  the  broader  lamella?  with  . 
an  additional  plate,  as  if  a  lamella  had  divided. 

Only  one  very  unsatisfactory  instance  of  the  base  of  a  lateral  stem  was  i 


Columnaria  sulcata,  Goldfusa. 

Tubes  5-6  siaW;  sides  generally  unequal;  lamella:  alternately  broad  and  narrow,  sometime*  straight  and 
simple,  sometimes  irregularly  curved  and  fasciculated,  united  in  pairs  at  the  periphery  by  curvatures, - 
interspaces,  numerous  connecting  plates ;  centre,  union  of  broader  lamella,  no  axis ;  outer  wall  unvra- 
tiered,  fat ;  veathercd.  crenulated ;  terminal  cup  very  deep ;  young  tubes  interpolated  laterally.  (Plate 
A.,  fig.  1.) 

Goldfuss,  Petrefacta.  p.  72.  tab.  24.  fig.  9.  (Bensbcrg) ;  De  Blainville.  Man.  d'Act.,  p.  351 ;  Milne  Rd- 
wards,  2nd  edit.,  Lamarck,  Anim.  sans  Vert.,  torn.  ii.  p.  343. 

So  far  as  the  Russian  specimen  could  be  compared  with  Ooldfuss's  figures  and  description,  no  essential 

and  uniting  of  the  lamella.  With  respect  to  Ooldfuss's  additional  remarks  on  the  species  (Petref.  Zu- 
satze,  p.  245),  and  his  identifying  it  with  Cyathophyllum  quadrigeminum,  it  will  perhaps  be  sufficient  to 
state,  that,  independent  of  internal  structure,  the  reproductive  process  of  Columnaria  is  distinct  from  that 
of  Cyathophyllum,  and  if  any  of  the  corals  figured  under  the  name  of  Cyathap.  quadrigeminum  (pi.  19 
fig.  1  a  ?)  exhibit  that  process,  they  should  be  separated  from  both  the  species  and  the  genus. 

The  grounds  for  considering  Lithostrotion  to  be  distinct  from  Columnaria,  with  which  it  has  been 
united  by  M.  dc  Blainville  (Man.  d'Actinol.,  p.  350).  will  be  found  in  the  concluding  paragraph  of  the 
general  remarks  on  that  genus. 

The  Russian  specimen  which  was  examined,  formed  apparently  part  of  a  1 
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about  three  inches  square  on  the  upper  surface,  and  one  and  a  half  in  thickness  at  the  outer  edge,  the 
lower  surface  being  very  uneven.  The  columns  in  general  diverged  slightly.  Their  form  was  very 
irregular,  the  relative  dimensions  in  the  sides  of  even  the  fully-developed  being  often  extremely  unequal. 
The  diameter  of  the  more  regular,  which  had  attained  this  state,  averaged  two  and  a  half  lines. 

In  an  endeavour  to  trace  the  mode  of  production  of  the  young  columns  and  their  progress  towards  ma- 
turity, it  is  necessary  to  premise,  that  no  instance  was  observed  in  the  series  of  exposed  transverse  sec- 
tion*  of  a  line  indicating  a  fissiparous  process,  or  of  such  an  irregularity  among  the  lamella.-  as  would  arise 
from  the  development  of  germs.  The  earliest  signs  of  young  columns  existed  in  the  occurrence  of  small 
intervals,  irregular  in  form,  but  surrounded  by  facets  of  adjacent  columns  as  perfect  in  their  boundary  struc- 
ture as  were  the  facets  of  the  other  sides  adjacent  to  which  no  intervals  appeared  (fig.  1,1a).  The  outline 
of  these  spaces  was  generally  more  or  less  curved,  producing  convexities  in  the  planes  of  the  adjacent 
columns,  and  where  it  was  three-sided  it  resembled  a  spherical  triangle.  This  character  is  conceived  to 
be  of  importance ;  for  if  the  curvature  had  existed  uniformly  only  on  the  facet  of  one  of  the  older  columns, 
it  might  have  indicated  a  fissiparous  separation  from  that  column.  It  is  believed,  however,  that  the 
curves  may  be  considered  to  have  resulted  from  the  struggles  of  the  young  polype  on  all  sides  for  room  ; 
and  that  it  was  therefore  called  into  existence  while  the  older  polypes  were  constructing  their  tubes,  and 
had  not  given  them  a  sufficient  solidity  to  resist  the  outer  pressure. 

In  the  next  state  the  intervals  (which  apparently  arose  from  a  decay  of  feebly-constructed  solid  parts) 
were  occupied  by  Jamelliferous  tubes  (fig.  1,1a),  agreeing  perfectly  in  character  with  the  mature  columns, 
except  that  the  number  of  lamella;  was  much  smaller,  and  that  the  sides  were  considerably  curved.  Be- 
tween this  state  and  the  fully- developed  no  other  changes  necessarily  appeared  than  an  increase  in  the 
number  of  the  lamella;  and  a  tendency  to  produce,  fur  the  greater  part,  straight  walla. 

A  perfect  vertical  exterior  of  the  columns  was  not  exposed,  but  in  transverse  sections  a  nearly  even 
line  traversed  the  middle  of  the  comparatively  thick  opake  layer,  which  intervened  between  the  adjacent 
stellated  lamella?  (fig.  1  a) ;  proving  clearly,  that  the  walls  were  separable,  and  resulted  from  the  labours 
of  individual  polypes.  The  outer  characters  so  excellently  given  in  Prof.  Goldfuss's  figures,  9  a  to  9  c. 
plate  24.  (Petref.),  were  also  well  exhibited  in  weathered  or  decayed  portions,  and  clearly  shown  to  be 
due  to  the  removal  of  the  exterior  and  the  preservation  of  the  arched  union  of  pairs  of  the  lamella:. 

The  only  perfect  terminal  cups  which  were  preserved,  were  seated  below  the  surface  and  within  the 
specimen,  having  belonged  to  polypes  prematurely  killed,  and  overarched  by  the  lateral  extension  of  other 
columns.  They  were  deep  and  elliptical  in  outline  (figs.  1  A,  1  r),  and  totally  unlike  those  of  the  coral 
represented  in  plate  19,  fig.  1  a  of  the  ■  Petrefacta  Musci  Bonnensis.'  They  were  lined  by  regularly 
curved,  slightly  projecting  lamella?,  the  alternate  narrower  plates  descending  also  nearly  to  the  bottom. 
No  central  boss  was  exhibited. 

Locality  and  Fomutiitm.—Habsal,  near  ReTal.   Lower  Silurian. 

LrraoBTBOTioN,  Lhwyd. 

This  name  was  originally  proposed  by  Lhwyd  (Ichnographia,  1699)  for  a  coral  figured  in  the  23rd 
plate  of  his  work,  and  designated  "  Lithoatrotton  sivc  Bosaltcs  minimus  striatum  ct  stellatus."  It  was 
apparently  first  adopted  aa  a  systematic  generic  appellation  by  Dr.  Fleming,  in  hi»  *  History  of  British 
Animals'  (p.  508.  1828);  and  it  has  been  subsequently  retained  by  other  authorities,  but  without  any 
great  precision,  respecting  essential  characters.  In  a  notice  on  a  genus  for  which  the  designation  of 
Stylastraea  is  suggested,  will  be  found  reasons  for  concluding,  that  Lhwyd's  fossil  (Lithott.  striatum } 
Brit.  Anim.  p.  508)  possesses  characters  so  perfectly  different  from  those  of  Dr.  Flemings  Lithott.  fori- 
forme,  as  to  render  the  establishment  of  a  distinct  genus  necessary.    At  first  it  appeared  advisable  to 
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retain  Lhwyd's  name  for  his  own  coral,  and  to  apply  the  new  one  to  Lithott.  floriforme ;  but  aa  the 
former  fossil  i»  little  known,  and  has  probably  been  mistaken,  in  some  cases,  for  other  fossils  of  similar 
general  aspect,  yet  very  different  structure,  and  as  Lithost.  flori/orme  is  a  well-known,  strongly  marked 
coral  and  excellently  figured  by  Martin  in  his  '  Petrificata  Dcrbicnsia'  (pi.  +3,  1809),  though  without  an 
available  name,  it  was  subsequently  deemed  correct  to  apply  the  new  term  to  the  obscure  fossil,  and  the 
old  term  to  the  one  which  was  well  known,  and  by  which  geologists  have  been  accustomed  to  desig- 
nate it. 

The  characters  by  which  it  is  proposed  to  distinguish  Lithostrotion  from  other  lamellifcrous  Anthozoa 
are  the  following. 

A  coral  composed  of  stems  generally  coadunated ;  interior  of  stems  separable  into  three  differently  con- 
structed areas  ;  1.  a  central  axis  ;  2,  an  inner  zone  composed  of  vertical  lamella ;  3,  an  outer  gone  formed 
partly  of  lamella  but  chiefly  of  variously  arched  or  vesicular  plates :  the  mode  of  reproduction  teas  by  germs 
developed  u  ilhin  the  area  of  the  parent  stem,  or  without  it  by  an  occasional  extension  of  the  polype. 

The  specific  character*  depend  upon  the  difference  in  the  structural  details  of  the  three  areas. 

Hy  the  above  descriptive  notice,  lithostrotion,  it  is  presumed,  will  be  readily  distinguished  from  the 


n-prolifcrous  Columnaria,  to  which  it  has  been  united  by  some  authors :  from  the  bi 
proliferous  Cyathophylluni ;  and  from  the  uni-areal,  subdividing  polype,  Astrea,  with  both  of 
i  it  has  been  also  identified. 

Lithostrotion  emarciatum. 

Columns  irregularly  polygonal,  outer  surface  rarely  exposed,  inner  broadly  ribbed;  axis  elliptical,  detachable  , 
inner  zone  bounded  outwardly  by  arched  plates,  lamella  generally  of  eaual  breadth ;  outer  tone  very 
vesicular,  plates  broad  slightly  convex,  mt  highly  inclined,  very  partially  traversed  by  extensions  of 
lamella;  terminal  cup  not  deep;  boss  slightly  prominent  surrounded  by  a  depressed  area ,  inner  zone 
nearly  flat,  lamella  distinct,  simple,  band  of  outer  area  highly  inclined  towards  the 
I  broad,  slightly  convex. 


F%.  ..Tl 

rig. ». 
r„.r. 

Pig.  d.  Vertical  Mm,  magnified,  to  ahew  the  lalnul  unietura  of  the  alia,  nd  the  connexion 
Pig.  e.  Vertical  anrtiiin,  naffntaeil,  to  exhibit  the  perpend 
u*  brtvtrn  the  lamella!,  aba)  the  eonaclkoa  ul  the 
Fig.  /.  Aa  mantra  colum.  at  •  withi.  th.  are.  of  the  parent  c.l«nu.  I  the  eui.ti.uou.  boundary  of  the  latter  ma,  be 
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Aitrta  emarciata,  Fischer.  Oryc.  Gouvern.  de  Moscou.  pi.  31.  fig.  5.  p.  154.   (Limestone  of  Tessovo.) 

One  of  the  specimens  from  which  the  preceding  characters  were  obtained,  had  on  a  label,  affixed  to  it  in 
Kuasia,  "  Aitrea  emarciata,"  and  it  is  therefore  presumed  that  the  determination  must  be  correct,  though 
the  agreement  with  M.  Fischer's  figure  was  not  perfect.  It  is  necessary  however  to  state,  that  the 
Ruasion  carboniferous  coral  cannot  be  considered  identical  with  the  original  Astrea  rmarriata  from  the 
tertiary  strata  of  Grignon,  although  Lamarck's  descriptive  notice  is  reprinted  in  the  •  Oryctographie." 
(Anim.  sans  Vert.  2nd  edit.  ii.  p.  417.  No.  29.  Oryc.  p.  154.)  As  the  specific  name  appears  to  be  well- 
known  in  Russia,  it  is  nevertheless  deemed  correct  to  retain  it,  and  the  generic  being  altered,  it  is  trusted 
no  confusion  will  arise. 

Between  Liihotl.  emarciatum  and  the  English  carboniferous  fossil  Lit  host,  floriformt,  the  following  dif- 
ferences may  be  observed.  In  transverse  sections  of  the  Russian  coral,  parallel  to  the  upper  surface  (fig.  a), 
the  principal  vertical  lamellae  have  uniformly  a  very  limited  range  in  the  outer  zone ;  whereas,  in  similar 
sections  of  the  British  species,  they  extend  almost  constantly  to  the  polygonal  periphery ;  in  Lit  host, 
rmarewtum,  again,  secondary  or  intermediate  lamella:  are  nearly  wanting,  or  rudimentary,  but  in  Lit  host, 
flori/orme  they  are  wcll-developed,  alternating  in  the  outer  tone,  for  the  greater  part,  regularly  with  the 
primary  lamellar,  even  to  the  very  walls  of  the  columns.  Other  distinctions  consist  in  the  greater 
width  of  the  vesicular  plates  in  the  Russian  coral,  consequent  on  the  small  rauge  of  the  lamella: ;  and  in 
the  number  of  truncated  edges  being  much  less,  on  account  of  the  plates  being  less  inclined. 

The  specimens  of  Lit  host,  emarciatum  which  were  examined,  consisted  of  slightly  radiating  columns  of 
variable  dimensions,  and  apparently  not  separable  mechanically.  The  width  of  the  largest  mass  was  four 
and  a  half  inches,  and  the  altitude  three  inches.  Another  specimen  presented  continuous  columns  three 
and  a  half  inches  in  height,  with  a  nearly  uniform  width  of  six  lines.  The  greatest  observed  diameter 
was  about  nine  lines.  Vertical  sections  of  many  contiguous  columns,  exhibited,  on  account  of  the  inter- 
stices between  the  Uminse  of  the  original  coral  not  having  been  filled  with  mineral  matter,  very  irregular 
surfaces,  formed  for  the  greater  part  of  congeries  of  curved  plates,  belonging  to  the  outer  zone,  variously 
united  and  inclined  upwards ;  here  and  there  was  likewise  a  flat,  vertical  surface,  ribbed  and  crossed  by 
edges  of  fractured  vesicular  plates,  presenting  the  inner  surface  of  a  wail ;  and  occasionally,  but  more 
rarely,  there  was  a  reticulated  semi -cylindrical  indentation,  flanked  on  each  side  by  narrow  flat  perpen- 
dicular planes,  which  were  traversed  by  nearly  horizontal  lines,  the  whole  representing  different,  vertical 
sections  of  the  inner  zone ;  in  some  cases  again  the  indentation  was  replaced  by  a  convex  body  variously 
traversed  by  lines,  and  exhibited  an  axis  half  separated  from  the  surrounding  structures.  A  transverse 
section  parallel  to  the  upper  surface  is  shown  in  figure  a,  and  to  the  under  surface  in  figure  b.  the  triple 
composition  of  the  column  being  perfectly  displayed  in  both. 

A  few  remark*  must  be  offered  on  structural  details. 

( 1 .)  Transverse  sections  of  the  axis  presented  very  variable  characters,  but  the  composition  of  this 
central  area  consisted  of  vertical,  waved  plates  (fig.  d),  which  converged,  more  or  less  regularly,  towards 
»  medial  line  (fig.  e),  and  were  united  by  highly  inclined  lamina: ;  the  whole  being  encompassed  by  a  thin 
wall,  and  forming  a  persistent  elliptical  body.  No  very  satisfactory  proofs  were  obtained  of  any  connexion 
between  the  vertical  plates  and  the  lamella:  of  the  surrounding  zone ;  but  some  of  the  attenuated  edges  of 
the  latter  abutted  against  the  wall,  as  well  as  nearly  all  the  inner  extremities  of  the  interstitial,  horizontal 
plates  (fig.  e ).  The  general  characters  of  the  interior  of  the  axis,  and  the  mode  of  union  with  the  lamelli- 
fcrous  zone,  are  given  in  figure  (if)  ;  and  the  reader  is  requested  to  compare  the  persistent  structure  with 
the  cone-in-conc,  or  non-persistent  composition  of  the  axis  of  Lithost.  mammillare  (fig.  4,  p.  606),  as  af- 
fording a  valuable  example  of  the  assistance  which  this  portion  of  the  coral  may  yield  in  specific  determi- 
nations.   A  further  illustration  is  noticed  in  the  description  of  Lithott.  attroidtt  (fig.  *,  p.  607). 
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(2.)  The  lamellae  of  the  inner  zone  hud,  apparently,  a  continuous,  vertical  range  throughout  the  column. 
For  a  short  distance  from  the  axis,  each  consisted  of  a  single  plate  (figs.  4,  r),  and  then  swelling  out 
more  or  Ices  abruptly  divided  into  two  layers,  the  outer  pairs  of  which  were  united  at  the  circumference 
of  the  zone  by  curved  extensions.  In  some  few  instances,  very  narrow,  secondary  or  intermediate  la- 
mella: occurred,  formed  also  of  two  layers,  similarly  connected  to  the  proximate  broad  plates.  Without 
the  regular  limits  of  this  inner  zone,  fractured  surfaces  often  exhibited  curved  edges  between  partial 
lamella?,  both  being  intersections  of  the  component  parts  of  the  exterior  area  (figs,  a,  c).  The  interstitial 
lamina?  of  the  inner  rone  (figs.  rf.  r).  though  in  general  more  or  less  waved,  were,  for  the  greater  part, 
horizontally  arranged,  but  tbey  were  sometimes  highly  inclined,  and  the  variations  in  their  position  pro- 
duced a  great  irregularity  of  character  in  transverse  fractures. 

(3.)  llie  arched  or  vaulted  plates,  which  composed  the  outer  area,  sprung  from  the  lamelliferous  zone 
in  a  somewhat  similar  manner  to  the  acanthus  leaves  of  a  Corinthian  capital ;  but  they  were  variously 
united  and  reticulated  in  their  range  towards  the  periphery.  On  the  under  surface  (fig.  b)  they  were  more  or 
less  distinctly  traversed  by  faint  grooves  and  intermediate  slightly  convex  bands ;  the  former  being  prolonged 
indications  of  the  fine  divisional  spaces  between  the  two  plates  of  the  lameihe;  and  the  latter,  of  the  arches 
by  which  the  opposite  plates  were  united.  The  upper  surface  (figs,  a,/)  of  these  bladder-like  or  vesicular 
lamina  was  almost  invariably  so  concealed  by  a  coating  of  crystallized  carbonate  of  lime,  that  minor  struc- 
tural details  were  not  ascertainable.  The  vertically  discontinuous  lamella),  by  which  they  were  more  or  less 
traversed,  were  curved  on  the  upper  or  free  edge,  resembling  segments  of  circles ;  and  their  range  towards 
the  periphery  of  the  column  was  generally  very  limited ,  though  in  some  few  instances  equal  to  the  whole 
breadth  of  the  area.  They  sprung,  apparently  with  rare  exceptions,  from  the  narrow  interval  between 
the  subdivided  plates  of  the  primary  lamellae ;  and  were  probably  connected  with  them,  vertical  sections 
of  the  inner  zone  exhibiting  only  outer  aides  of  the  plates,  crossed  by  fractured  edges  of  the  interstitial 

'J  he  single  terminal  cup  which  was  examined,  was  seated  within  the  body  of  the  largest  specimeu, 
and  completely  over-arched  by  the  growth  of  other  columns.    It  required  no  [.articular  observation. 

The  whole  of  the  lameihe  and  plates  forming  the  internal  structure  of  the  coral,  as  well  as  the  walls, 
were  apparently  imperforated. 

Cases  of  young  columns  springing  within  the  area  of  those  fully  developed,  were  sufficiently  numerous 
to  prove  the  essential  mode  of  reproduction,  and  an  illustrative  example  is  given  in  fig./,  at  the  part 
marked  with  an  asterisk.  English  specimens  of  Lit  host,  floriformi .  which  permitted  polished  sections 
to  be  made,  exhibited  every  stage  of  development  from  the  germ  with  an  imperfect  boundary,  and 
scarcely  a  trace  of  lamellae,  through  all  the  intermediate  gradations  to  the  perfect,  fully  constructed 
column  with  distinct  solid  walla.  The  germs  always  appeared  among  the  vesicular  plates  near  the  inner 
margin  of  the  parent  column,  but  not  in  immediate  connexion  with  the  wall,  and  the  rudimentary  lamellar, 
converging  from  an  imperfect  periphery,  could  not  be  re/erred,  even  in  part,  to  the  lamella?  of  the  old 
column.  This  statement  is  necessary  to  prevent  the  suspicion  that  the  young  columns  of  Lithostrotion 
were  produced  by  a  subdivision  of  the  parent  polype,  as  in  the  true  Astreac  of  Ehrenberg. 

In  the  specimens  of  Lit  hot t.  emar  datum,  examined  by  the  describcr,  no  cases  were  observed  of  inter- 
polated columns,  produced  by  an  extension  of  the  germ-bearing  portion  of  the  polype,  over  an  interval 
arising  from  accident  or  irregular  growth  in  the  coral. 

Locality  and  Formation . — Borovitchi,  near  Valdai .    Carboniferous  limestone . 
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irregularly  aggregated ;  axis  cylindrical,  formed  of  twisted,  conical,  separable  plates ;  inner 
narrow ;  outer  zone  broad,  arched  plates  Highly  inclined,  wholly  traversed  on  the  upper  surface 
by  vertically  discontinuous  lamella;  inner  surface  of  walls  strongly  ribbed;  terminal  star,  boss  pro- 
minent,  spirally  twisted ;  surrounding,  depressed  area  deep,  lined  by  the  lamellae  of  the  inner  zone ;  upper 
band  or  outer  zone  broad,  more  or  less  inclined,  crossed  by  numerous  lamella ;  boundary  between  the 
stars  projecting,  sharp,  crenulaled. 


Y\f.  m.  TVnUnal 
PSg.  ».  VntinJ  . 


.rftbeui... 


Astrca  mammi  llaris,  Fischerde  Waldheim,  Oryc.  Gouvern.  de  Moscou,  p.  154.  pi.  31.  figs.  2.  3.  (Lime- 
stone of  Tessovo ;  siliceous  nodules  near  Moscow.) 

Thin  species  is  distinguished  from  the  other  three,  described  in  these  memoranda,  by  the  peculiar  cha- 
racters of  the  cone-in-cone  plates  of  the  axis ;  from  Lithost.  emarriatum,  it  differs  in  addition  to  that 
marked  structure  in  the  vaulted  plates  of  the  outer  zone  being  almost  wholly  traversed  by  lamelliferous 
laminae ;  and  from  Lithost.  astroides,  by  the  great  amount,  in  that  species,  of  complicated  reticulations 
and  blending*  of  the  three  areas,  whereby  great  care  is  required  in  detecting  the  existence  of  each. 

The  only  specimen  examined  was  a  siliceous  cast,  three  and  a  half  inches  wide,  three  broad,  and  one 
and  a  half  thick ;  and  it  apparently  formed  part  of  a  circular  mass,  the  columns  radiating  rapidly  from 
the  thickest  side.  The  upper  surface  consisted  wholly  of  terminal  stars,  well-preserved,  but  irregularly 
grouped,  and  it  indicated  considerable  inequalities  of  growth  (fig.  n).  The  siliceous  mode  of  preservation 
did  not  permit  the  structural  details  to  be  fully  ascertained. 

(I.)  The  axis  (fig.  b)  sometimes  presented  in  fractured  surfaces,  a  persistent  cylindrical  body,  similar 
to  that  of  Lithost.  emarciatum,  but  there  was  constantly  at  the  lower  extremity  a  conical  indentation,  a* 
well  as  a  total  absence  of  all  traces  of  a  reticulated  structure.  These  hollows  were  exhibited  on  the 
surface  of  every  transversely  fractured  column,  and  presented  casts  of  conically-twistcd  plates, 
i  appeared  to  be  easily  separated,  and  altogether  unconnected  vertically  by  intermediate  laminar. 
(2.)  The  narrow,  inner  zone  was  not  so  preserved,  that  its  characters  could  be  well  ascertained ;  and 
there  were  indications  of  a  much  greater  intermingling  of  its  component  parts  with  those  of  the  outer 
area,  than  in  Lithost.  emarciatum.  That  it  formed  in  the  original  condition  of  the  coral  a  distinct  struc- 
tural  division,  was  nevertheless  evident  from  smooth  semicylindrical  casts  on  the  inner  side  of  the  external 
zone  (fig.  4).  and  from  the  occurrence,  in  one  case,  of  a  perfect  cylindrical  cavity  surrounding  the  axis. 
The  lamella;  were  apparently  thin,  and  of  uniform  breadth  ;  and  the  interstices  presented  costs  of  curved 
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(3.)  The  vaulted  laminae  of  the  outer  area  generally  sprang  upward*  for  a  abort  distance  almost  verti- 
cally, and  then  curved  more  or  lesa  rapidly  towards  the  external  wall  (fig.  b).  They  appeared  to  be,  in 
some  ca^es  at  least,  prolonged  expansions  of  the  interstitial  curved  plates  belonging  to  the  inner  zone. 
On  the  under  surface  they  exhibited  no  distinctive  characters  except  numerous  subdivisions  near  the  base, 
due  to  the  above-noticed  structural  connexions,  and  the  consequent  appearance  of  intersecting  edges  of 
lamellar.  On  the  upper  surface  they  were,  in  all  observed  cases,  traversed  by  slightly  projecting  lamellae- 
like  ridges  of  unequal  strength. 

The  characters  of  the  terminal  cups  are  excellently  given  in  M.  Fischer's  figure  3,  plate  31.  (Oryct.) 

hut  there  were  several  instances  of  small  columns  projecting  irregularly  above  the  general  surface,  and  in 
j  -  - 1  -  i  1 1  -  which  rendered  it  difficult  to  imagine,  that  in  a  still  smaller  or  younger  state,  they  could  have 

in  English  specimens  of  Lit  host,  Hon  forme,  and  in  the  remarks  on  the  Russian  coral  (p.  610)  believed  to 
belong  to  that  species,  a  notice  will  be  found  of  an  irregular  cluster  of  small  columns  united  by  a  layer 
representing  a  membranous  expansion  of  the  polypes. 

locality  and  Formation.— Priksba  (Valdai),  Government  of  Novogorud.    Carboniferous  limestone. 

Lithottrotion  astroides,  »p.  n. 

Column*  irregularly  aggregated;  axis  not  separable,  no  boundary  wall,  formed  of  plates  conicalty  united ;  inner 
zone  narrow;  lametLc  alternately  broad  and  rudimentary,  united  at  the  periphery  by  arched  extensions  | 
interstitial  plate*  numerous,  horizontal,  connected  with  lamina:  composing  the  axis ;  outer  zone  arched, 
vesicular  plates  intersected  throughout  by  attenuated  lamella;  walls  broadly  ribbed;  terminal  star,  boss 
prominent,  spirally  twisted,  connected  at  base  with  interstitial  plates ;  surrounding  depression  traversed 
by  lamelUe  of  inner  zone ;  upper  band  or  outer  area  more  or  less  inclined,  wholly  crossed  by  lamelliferous 


F!».  i  t»-pr«*»t»«  •  wtathrrol  portion  of  tW  eon),  natural  tilt. 
r%.  t  exhibit,  pin  at  Ok  interior  Em  (ran  niatru,  natural  aiie. 
Fig.  r.  llagnlacd  portion  at  aaua  en  from  war  lh«  aiutfutk  u»  fig.  *. 


Though  clearly  shown  in  weathered  portions  (*  t  fig-  «)  to  be  composed  of  an  axis  surrounded  by  an 
inner,  circular  zone,  and  of  an  outer  area  of  diverging,  feather-like  plates,  yet  a  recently  exposed  section, 
including  many  adjacent  columns,  presented  such  a  perfect  structural  blending,  that  without  the  assistance 
of  the  former  it  would  have  beeu  almost  impossible  to  have  detected  the  generic  characters,  or  to  have 
avoided  considering  the  fossil  as  an  Astrea.  The  upper  surface  of  the  specimen  (fig.  a),  which  exhibited 
several  perfect  stars,  resembled  greatly  that  of  Lithost.  mammillare,  and  the  composition  of  the  axis  agreed 
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to  a  certain  extent  with  that  of  the  axis  of  the  same  species ;  but  in  all  the  detail*  of  differential  structure 
Lithost.  astroides  was  well  distinguished  from  the  three  other  Russian  coral*  belonging  to  the  genus. 

The  only  specimen  examined  was  a  silicified,  irregular  mass,  three  and  a  half  inches  in  height  and 
three  in  breadth  and  depth.  It  consisted  wholly  of  somewhat  confusedly  aggregated  columns,  averaging, 
in  terminal  stars,  seven  lines  in  diameter ;  and  though  it  was  so  completely  charged  with  silex  for  half 
an  inch  from  the  surface  that  no  characters  could  be  clearly  traced,  yet  the  interior  was  so  free  from 
infiltcrcd  mineral  matter,  that  all  the  solid  framework  of  the  original  coral  was  fully  exposed  (fig.  t  I. 

(1.)  The  axis  (fig.  b)  was  completely  united  structurally  with  the  inner  zone,  not  merely  by  being  es- 
sentially composed  of  expansions  of  interstitial  plates,  but  by  vertical  extensions  also  of  the  lamellae,  which 
connected  perpendicularly  the  successive,  conical,  twisted  lamina;.  It  therefore  could  not  be  exhibited 
naturally  or  in  a  fracture  as  a  distinct  body,  in  the  same  way  as  in  Lithost.  emarriatum,  L.  mammiUarr,  or 
L.  fioriformc ;  nor  could  the  conical  laminae  be  clearly  detached  from  each  other  as  in  the  second  of  those 
species.  The  characters  exhibited  by  the  axis  varied  with  different  periods  of  development.  In  one 
state  it  presented  only  a  medial  plate  with  slightly  twisted,  spiral  extensions  of  lamella?,  but  in  another 
of  a  broad  semi-conical  lamina  on  each  side  the  medial  line,  forming  a  perfect  cap  and  concealing  all  other 
component  parts. 

(2.)  The  inner  rone  with  the  axis  united  as  one  body  was  well  shown  in  a  weathered  surface  (f  fig-  a), 
presenting  a  long  cylinder,  flanked  by  a  diverging,  feather-  like  structure.  No  such  separation  was  clearly 
exhibited  in  the  fractured  interior  of  the  specimen  which  retained  perfectly  the  characters  of  the  original 
coral,  but  the  commencement  of  the  transverse  perpendicular  laminae  (f  fig.  b)  marked  the  boundaries 
of  the  two  areas.  The  cylinder  consisted  of  a  conically-twisted  centre,  the  axis,  with  radiating  lamellae 
which  were  united  within  the  zone  horizontally  and  obliquely  by  the  interstitial  plates,  and  at  the  peri- 
phery by  vertically  connecting  arched  laminae. 

(3.)  The  outer  zone  differed  in  characters  from  that  of  the  other  species  included  in  these  notices  by 
being  traversed  completely  by  perpendicularly  persistent,  thin  lamellar ;  and  in  the  arched,  highly  inclined, 
diverging  plates  being  not  merely  very  narrow,  on  account  of  their  thorough  intersection,  but  individually 
of  very  limited  range,  resembling  the  small  vesicular  laminae  in  the  outer  area  of  Cyathophyllum  and 
other  genera  (•  fig.  6). 

One  instance  of  a  young  column  considerably  advanced  towards  maturity  was  observed  within  the  area 
of  an  old  column. 

Localities  and  Formation.— Pincga  (sixty  vcrsts  west)  ;  Carboniferous  limestone.  Tchussovaya  banks, 
above  Ust-Koiva;  Carboniferous  limestone.  The  latter  specimen  was  a  very  imperfect  siliceous  cast, 
which  did  not  permit  its  characters  to  be  clearly  ascertained,  but  it  was  believed  to  belong  to  this  species. 

Column*  irregularly  aggregated ;  axis  cylindrical,  spirally  twisted,  detachable;  inner  tone,  breadth  small, 
lamella-  alternately  broad  and  narrow ;  interstitial  plates  horizontal  or  inclined ;  outer  zone,  vesicular 
lamina:  broad,  highly  inclined,  traversed  on  the  upper  surface  only  by  lamelli/erous  plates  extending  to 
the  periphery ;  outer  wall  in  general  broadly  ribbed,  sometimes  broadly  furrowed ;  terminal  cup  deep  ,- 
boss  prominent,  spirally  twisted;  surrounding  depression  lined  by  lamella  of  inner  zone;  band  of  outer 
area  more  or  less  inclined ;  vesicular  plates  oroaat  crossed  tcfiouy  oy  srutrp,  vertical,  unequally  pro- 
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V\f,  «,  Grnrnl  rhararter  of  the  upper  iiirfw.  aotiual  iuc 

1%.  A.  VMM  «*cttoa,  natural  me,  to  *him  the  rtwnrtm  of  th*  *xm,  *n4  inner  and  outer  i«n».  Mttflular  made  iif  tmiun 
Fij.  i*.  Purtinn  «f  the  tame  itiajrrufiod. 

Erismatolithus  madreporites  (jtoriformit),  Martin,  PetrificaU  Dcrbiensia,  pi.  43.  fig*.  3,  4  ;  pi.  44.  fig.  5. 
1809. 

Lithostrotion  fioriforme,  Fleming,  British  Animals,  p.  508, 1 828 ;  Morris.  Catalogue  of  Britifth  Fossils, 
p.  40.  1843. 

Columnaria  Jkriformi*.  Dc  Blainvillc,  Manuel  d'Actinologie.  p.  350,  1834 ;  Milne  Edwards.  2nd  edit. 
Lamarck,  Animaux  sans  Vertebres,  ii.  p.  343,  1836. 

Cyathophyllum  fioriforme.  J.  Phillips,  Geology  of  Yorkshire,  part  ii.  p.  202,  1836. 

The  coral  under  consideration  resembled  Lit  host,  emarciatum  in  the  structure  of  the  axis,  but  it  differed 
from  that  species  in  the  lamella!  of  the  inner  zone  being  in  all  mature  columns  alternately  broad  and 
narrow,  and  in  the  vesicular  plates  of  the  outer  zone  being  uniformly  much  more  inclined,  and  traversed, 
not  partially  by  lamelliferou*  laminae  resembling  segments  of  circles,  but  wholly  by  fine  layers  produced 
to  the  outer  walls  of  the  columns.  Between  the  Russian  fossil  and  the  English  Litioit.  fioriforme  no 
essential  differences  were  detected,  though  two  specimens  of  the  former  were  compared  with  a  tolerably 
good  series  of  the  latter. 

The  height  of  the  larger  Russian  specimen  was  three  inches  and  three  quarters,  the  breadth  two.  and 
the  depth  one  and  three  quarters.  The  columns  were  small,  the  diameter  of  the  greatest  being  five  lines, 
but  in  some  English  specimens  the  average  dimensions  were  about  the  same.  The  upward  line  of  growth 
was  very  irregular,  and  not  unfrequently  twisted  (fig  A);  and  at  the  superior  termination  there  were  occa- 
sionally between  the  lamelliferou  s  columns  small,  depressed  intervals,  not  bladder- like,  but  lined  by  a  thin 
rugose  layer,  which  had  been  deposited  apparently  by  a  membranous  extension  of  the  adjacent  polypes. 
Similar  irregularities  in  growth  and  in  upper  terminal  surfaces  occur  in  British  specimens  of  LitAott.fio. 
ri forme. 

( 1 .)  The  axis  was  sometimes  partially  displayed  to  the  extent  of  nine  and  ten  lines.  It  presented  (fig.  6) 
a  twisted,  narrow  cylinder,  not  indented  or  cupped  at  the  lower  end  as  in  Litkosl.  mammiUare,  but  traversed 
by  an  even  or  nearly  flat  surface,  composed  of  variously  reticulated  plates,  as  in  Litho»t.  emar datum.  In 
this  and  all  other  characters,  the  axis  of  Lit  hot  t.  fioriforme  agreed  with  that  of  Lithott.  tmarciatum. 

(2.)  The  characteristic  distinction  in  a  transverse  section  of  the  inner  zone  was  the  interpolation,  near 
the  periphery,  of  narrow  lamellae,  with  more  or  less  numerous,  connecting  straight  or  arched  plates,  giving 
to  the  transverse  section  an  amount  of  complicated  structure,  not  possessed  by  the  three  species  believed 
to  be  at  present  peculiar  to  Russia.  In  this  respect,  again,  there  is  a  perfect  agreement  with  English  spe- 
cimens of  Lithott.  fioriforme. 

(3.)  The  laminae  composing  the  outer  area  sprang  directly,  in  broad  plates,  from  the  side  of  the  inner 
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zone  (fig-  c).  without,  ap|>orently,  any  of  the  intersections  or  subdivisions  at  the  base  mentioned  in  the 
description  of  Lithost.  mammillare.  The  plate*  sometimes  extended  to  the  wall  of  the  column  in  a  single 
curve,  but  more  often  there  was  an  intermingling  of  minor  arches.  The  under  surface  exhibited  no  regular 
furrows  or  flattened  ribs.  The  laminae,  which  traversed  the  upper  surface,  were  prolongations  of  the 
lamella:  of  the  inner  zone.  In  some  case*  they  filled  up,  in  a  vertical  section,  the  whole  area  of  the 
bladder-like  spaces,  but  more  frequently  their  dimensions  were  limited  to  a  series  of  fine  crests  or  la- 
mella edges.    Similar  structures  occur  in  British  Litho*t.  Jlori/orme. 

The  terminal  stars  not  rarely  exhibited  a  pseudo-proliferous  character,  in  consequence  of  the  uppermost 
series  of  arched  plates  having  been  in  part  accidentally  removed  or  not  fully  developed  (fig.  o).  This  cha- 
racter was  also  sometimes  strengthened  by  the  irregular  depressions  or  interspaces  between  the  columns 
before  alluded  to. 

Cases  of  what  were  believed  to  be  young  columns,  which  had  arisen  from  germs  developed  within  the 
area  of  others,  were  noticed  ;  but  the  great  irregularities  in  the  grouping  of  the  former  lead  to  the  infer- 
ence, that  they  frequently  originated  in  an  extension  of  the  polypes  over  intervals  due  to  unequal  growth 
or  accident.  An  instance  was  observed  of  three  small  columns,  and  part  of  a  side  of  an  old  oue,  united  in 
the  middle  by  a  thin  triangular  layer,  which,  on  account  of  the  arrangement  of  the  rugose  lines  of  depo- 
sition, had  clearly  resulted  from  the  labours  of  three  of  the  polypes.  With  respect  to  this  assigned  mode 
of  production,  it  is  necessary  to  state,  that  in  the  many  English  specimens  of  Lilhott.  fioriforme  examined 
bv  the  describer,  not  an  instance  occurred  of  a  mature  column  totally  studded  over  by  young  columns, 
and  consequently  of  a  parent  smothered  by  its  own  progeny,  though  such  appears  to  have  been  the  case  in 
some  species  of  Cyathophyllum .  On  the  contrary,  the  incipient  columns  always  appeared  near  the  inner 
margin,  and  thus  left  ample  space  for  the  upward  growth  of  the  old  polype.  Examples  may  possibly  be 
discovered  of  terminal  stars  entirely  occupied  by  the  bases  of  small  columns,  but  it  is  presumed  that  the 
extremities  of  the  latter  will  be  found  to  rest  on  the  component  structures  of  the  old  star,  and  not  to 
spring  from  within  them ;  and,  consequently,  that  the  superimposed  columns  originated  in  partial  ex- 
tensions over  a  prematurely  destroyed  polype. 

Locality  and  Formation.— Borovitcbi,  near  Valdai.    Carboniferous  limestone. 

Favosite*  alveolari*,  Goldfuss. 

Calamopora  alveolari*.  Goldf.  Pctrcf.  p.  77.  pi.  26.  fig.  1.    Favorites,  Corrigenda,  p.  245.  1826-1833. 

Fuvottitet  alveolari*,  De  Blainville,  Man.  d'Actinologie,  p.  402.  1830-1834.  Silurian  System,  part  ii. 
p.  681;  pl.l5iw.  figs.  1,2.  1839. 

In  Mr.  Murchison's  Isle  of  Dago  collection,  was  a  cylindrical  specimen  of  this  coral,  eighteen  inches  in 
length  and  five  in  its  greatest  diameter.  It  differed  in  none  of  its  structural  details  from  M.  Goldfusa'a 
excellent  figures,  except  that  the  average  width  of  the  tubes  at  the  outer  surface  of  the  specimen  was 
rather  less  than  a  line,  or  about  one-half  of  that  of  the  unmagnified  figure  (1  a)  in  the  Petrefacta  (pi.  26), 
but  the  dimensions  agreed  very  nearly  with  those  of  the  fossil  given  in  Mr.  Murchison's  '  Silurian  System' 
(pi.  IS  bi*.  fig.  2).  There  was,  however,  a  difference,  in  an  apparent  total  absence  of  the  papilhe  on 
the  inner  walls  of  the  columns,  represented  by  Professor  Goldfuss. 

Localities  and  Formation. — Isle  of  Dago,  Petropavlosk  and  Volshanka  Kiver  (North  Ural).  Upper 
Silurian. 

Favotitct  polymorphs,  Goldfuss. 

Cat.  polymorpha,  Goldf.,  pi.  27  and  28,  pp.  79.  245  ;  Silurian  System,  part  ii.  p.  684.  pi.  15.  fig.  2.  1839. 
In  the  notice  on  this  species  in  Mr.  Murchison's  work,  all  the  Favosites  consisting  of  cylindrical 
branches,  and  wanting  the  peculiar  vertical  ridge  within  the  tube,  characteristic  of  the  fossil  figured  under 
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the  name  of  Calamopora  (Favotites)  spongitet  by  Goldfuss  (Petrcf.  pi.  28.  fig.  1).  were  referred  to  FVrro- 
siies  (Calamopora)  polymorph,  though  some  of  them  were  included  by  th»t  authority  in  the  species 
•pongites.  The  alteration,  nevertheless,  appeared  to  be  justified  by  M.  Goldfum's  own  remark,  that 
the  coral*  are  perhaps  only  varieties. 

The  foaail  from  Katchukof.  assigned  in  this  instance  to  Fav.  polymorph,  and  probably  the  one  from 
the  Ural  Chain  east  of  Alatau,  agreed  closely  with  the  Silurian  specimen  figured  in  pi.  15.  of  Mr.  Mur- 
chiaon's  work ;  but  the  coral  from  the  lake  of  Petropavlofsk  resembled,  iu  the  greater  thickness  of  its 
walls,  more  nearly  the  Devonshire  (Devonian)  variety. 

Localities  and  Formation*.— Katchukof.  on  the  Upper  Bclaia  and  Uziansk  Zavod.  in  the  South  Ural 
Chain ;  Silurian.  East  of  Alatau,  South  Ural ;  Devonian '  ?  Banks  of  the  lake  of  Petropavlofsk  sixty 
versts  north-west  from  the  Work*  of  Bogoslofek,  North  Ural ;  Upper  Silurian  ? 

Michelinia  concinna,  sp.  n. 

Columns  irregularly  polygonal,  more  or  let*  rounded  internally ,-  central  plates  numerous,  transverse,  broad, 
slightly  convex  or  concave ;  walls  variously  constructed,  per/orated;  terminal  cells  lined  with  vesicular 
plates.    (PI.  A.  fig.  3.) 

Of  this  coral,  two  specimens,  both  from  a  locality  five  versts  east  of  Ust-Koiva.  were  examined.  One  of 
them,  a  thin  layer,  about  two  inches  in  width  and  one  and  a  quarter  in  breadth,  exhibited  transverse  sec 
tioDB  of  the  interior  of  the  columns ;  and  the  central  plates,  when  viewed  on  the  upper  surface,  resembled 
those  of  Michelinia  tenuisepta.  as  delineated  by  M.  de  Koninck  in  his  work  on  the  1  Palaeozoic  Fossils  of 
Belgium*,'  pi.  C.  fig.  3  b. ;  but  in  the  vertical  section  the  Russian  coral  differed  essentially  from  that 
species,  according  to  the  structure  represented  by  M.  Michelin  in  pi.  16,  fig.  3  b.  of  his  '  Iconographie 
ZoophytologiqueV  the  transverse  plates  having  a  great  uniformity  of  position,  with,  in  general,  a  slightly 
convex  or  concave  outline,  and  not  a  total  want  of  regularity  of  situation  and  curvature.  A  similar 
distinction  was  observed  between  the  Russian  fossil  and  a  specimen  from  the  Mendip  Hills  (England),  of 
the  coral  to  which  the  name  of  Michel,  tenuisepta  is  now  applied.  This  fossil  was  originally  noticed  and 
figured  by  Parkinson  (Org.  Rem.  vol.  ii.  pp.  39,  40.  pL  5.  fig.  9)  ;  and  was  first  introduced  into  a  sy- 
stematic arrangement  of  Polyparia,  it  is  believed,  by  Dr.  Fleming,  under  the  name  of  Porites  cellulosa 
(British  Animals,  p.  Sll  (1828),  where  Parkinson's  figure  is  quoted);  but  it  was  subsequently  assigned 
by  Mr.  Phillips,  though  with  a  doubt,  to  Calamopora.  and  distinguished  by  the  specific  name  of  tenui- 
septa (Must.  Geol.  Yorkshire,  partii.  (1836),  pi.  2.  fig.  30.  pp.  201  and  246.  for  the  generic  doubt;  Mr. 
Phillips  refers  to  Parkinson's  figure  and  locality);  and.  lastly,  M.  dc  Koninck  gives  Mr.  PhiUipe's  Cala- 
mopora tenuisepta  as  a  synonym  in  describing  Michelinia  tenuisepta. 

An  examination  of  the  Mendip  HOI  specimen  also,  not  only  proved  Mr.  Phillips  to  be  correct  in  stating 
that  "  the  walls  are  perforated  towards  the  margins  "  (opu*  cit.  p.  201).  but  that  the  perforations,  irre- 
gular in  form,  size  and  position,  extended  throughout  the  whole  length  of  the  tubes,  wherever  the  inner 
surface  of  the  walls  was  laid  open  or  stript  of  a  lining  of  highly  inclined  plates.  It  is  therefore  probable 
that  M.  de  Koninck's  specimens,  as  in  the  one  figured  in  plate  C.  of  his  work,  were  so  provided  with 
a  layer  of  lateral  plates,  that  the  perforations  were  concealed  (sec  Dcscript.  Anim.  Foss.  p.  32). 

The  finest  specimen  of  Michelinia  concinna  might  be  considered  as  the  fourth  of  an  elliptical  mass  (PI.  A. 
fig.  3),  and  the  dimensions  on  the  lines  of  the  major  and  minor  axis,  were  respectively,  two  inches  and  one 

'  Bord  de  1'  ftang  de  Petropawloftk  60  versts  de  la  fabrique  de  Bohoslow  sur  le  N.E. 

»  Description  des  Anim.  Fu»s.  dan*  le  Terr.  Houllier  et  daus  le  Syst.  Super,  du  Terr.  Anthraiiferc  dc  la  Bel- 
gique.  4to,  1842. 

'  Icon.  Zooph.  des  Polypiers  Fossiles  de  France  ct  Pay*  F-nvironnanu.  4to,  1842. 
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inch  :  the  thickness,  so  far  as  it  was  preserved,  was  one  inch.  The  columns  possessed  a  nearly  uniform 
diameter  of  two  line*.  The  central  plates  were  separated  by  small  intervals,  aud  they  very  generally 
ranged  across  tlie  area  of  the  tubes,  but  they  were  occasionally  of  more  limited  extent ;  in  all  cases, 
however,  there  vi»  a  great  tendency  to  a  uniformity  of  arrangement  and  to  a  slight  convex  or  concave 
curvature.  Near  some  of  the  superior  terminations  of  the  columns,  as  well  as  in  other  parts,  were  slight 
local  irregularities.  The**  central  plates  occasionally  abutted  against  a  well-defined  band  of  email,  arched 
or  vesicular  lamins,  but  they  more  frequently  blended  with  the  complex  structure  of  the  tides  of  the  tubes. 

Divisional  walls,  formed  of  a  distinct  compact  layer,  were  noticed  to  a  very  limited  extent,  and  even 
then  not  satisfactorily  ;  nor  are  any  represented  by  MM.  dc  Koninck  and  Michclin,  in  the  species 
figured  by  them  ;  but  in  the  Mendip  Hill  fossil,  a  solid  partition  was  noticed  in  some  portions.  The 
boundary  or  exterior  of  adjacent  columns  in  Michelinia  concinna,  was  formed,  apparently,  or  so  far  as  it 
could  be  ascertained,  of  a  blending  of  upturned  margins  of  central  plates,  with  occasionally  an  inner  vesi- 
cular lining.  The  wall,  believed  to  be  thus  composed,  was  not  often  exhibited,  and  to  the  extent  to  which 
it  was  examined,  no  vertical  furrows  were  noticed ;  but  it  was  clearly  perforated  by  foramina  (fig.  3  a),  less 
regular  in  character  than  those  of  Favo&ites,  but  with  smooth  edge*,  and  plainly  not  referrible  to  acci- 
dental fractures.  Their  lineal  arrangement  in  two  instances  gave  the  walls  the  semblance  of  being  fur- 
rowed. These  boundaries  exhibited  no  tendency  to  separate  in  a  vertical  fracture,  and  the  upper  surface 
presented  instances  of  a  vesicular  filling-up  between  some  of  the  columns.  That  the  polypes,  which 
formed  the  mass  of  columns,  did  not  enjoy  a  perfect  blending  of  animal  existence,  is,  however,  evident 
from  the  not  unfrequent  occurrence  in  specimens  of  Michelinia,  of  considerable  intervals,  as  noticed  by 
M.  de  Koninck  (o/mt  cit.  p.  .30),  and  even  of  extremely  narrow  spaces ;  and  it  is  therefore  probable  that 
the  intermediate  matter  above  mentioned  was  deposited  by  occasional  extensions  of  the  polype.  These 
characters  are  considered  of  importance  in  leading  to  a  correct  separation  from  Favorite*  of  many  corals 
which  otherwise  might  be  referred  to  that  genu*. 

The  terminal  cups  were  not  well-exhibited  ;  but  in  the  beat  cases  the  polygonal  boundary  was  sharp, 
and  the  hollow  so  lined  by  laminae  as  to  be  perfectly  circular. 

With  respect  to  the  mode  of  producing  additional  columns,  the  principal  specimen  at  Michel,  concinna 
afforded  abundant  proofs  of  increase  along  the  marginal  boundary ;  and  it  is  believed  that  instances  of 

..,,.,..„   „..!,,  ......     ... .>•■..  ,,,,,,,.,.,1 

interpolated  )oung  columns  were  noticcu. 

Locality  and  Formation.— East  of  U*t-Koiva.  on  the  Tchussovaya.    Carboniferous  limestone. 

Cyatkophyttnm  turbinate,  Goldf. 

Petrefacta,  &c,  p.  56.  pi.  16.  fig.  8.  (1826.) 

Silurian  System,  part  ii.  p.  690.  pi  16.  fig.  11.  (1839.) 

A  group  of  three  »tem«.  agreeing  perfectly  in  their  bi-arcal  structure  with  the  fossil  figured  in  Mr. 
Murchison's  work. 

Locality  and  Formation. — Petropavlofak,  N.  L'ra)     Upper  Silurian. 

The  above  specie*  and  Cyathojihyllum  dianthus,  a*  represented  in  the  'Silurian  System'  (pi.  16.  fig.  12), 
and  exhibited  in  a  specimen  of  the  Gothland  coral,  described  by  Fougt  (Amoen.  Acad.  vol.  i.  Corallia 
Baltica,  fig.  10).  as  well  a*  referred  to  by  M.  Goldfu**  in  hi*  account  of  the  specie*,  being  believed  to 
represent  the  typical  *tructure*  of  the  genu*  Cyathophyllum,  the  present  inquiry  ha*  suggested  the 
necessity  of  grouping  certain  analogous  corals,  which  agree  in  the  bi-arcal  composition,  and  probably  in 
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The  distinctive  characters  of  one  of  these  proposed  groups  or  sub -genera  were  originally  noticed 
in  Russian  specimens  from  the  river  Kakva  and  Petropevlofak,  and  more  recently  under  a  differential 
form  in  a  fine  Gothland  coral,  contained  in  Mr.  Murchison's  cabinet,  and  believed  to  be  the  Cyathophyllum 
articvlatum  of  M.  Hisingcr  (Lctlisea  Suecica,  p.  102.  tab.  29.  fig.  4).  The  peculiarities  consist. — first, 
in  the  lamella?  of  the  outer  area  being  pierced,  from  the  inner  surface  of  the  wall,  through  their  whole 
breadth  by  well-defined,  relatively  large  foramina,  terminating  on  the  inner  edge  in  a  distinct  row  of 
short  tubuli  j  and,  secondly,  in  the  total  absence  of  interstitial  vesicular  lamina;  at  every  period  of 
growth. 

For  this  sub-genus  the  name  of  Tryplasma  is  provisionally  suggested,  founded  on  the  foraminated 
lamelhe  (rpirn,  foramen  ;  IXaapix,  lamina). 

The  Russian  specimens  were  all  imperfect  fragments,  but  that  from  the  river  Kukva  was  considered  in 
a  state  to  be  so  far  compared  with  the  Gothland  coral,  as  to  permit  differential  characters  to  be  satisfac- 
torily ascertained.  A  mere  comparison  of  the  figures  accompanying  the  following  notice  (PI.  A.  fig.  7), 
with  that  given  by  M.  Hisiuger,  might  alone  lead  to  the  inference  of  the  two  fossils  being  specifically 
distinct' ;  but,  independent  of  the  great  relative  size  and  isolated  nature  of  the  one,  and  the  slender  form 
as  well  as  dense  grouping  of  the  other,  variations  exist  in  the  shape  and  arrangement  of  the  foramina,  and 
the  characters  of  the  lamella.  The  gcmmulifcrous  mode  of  reproduction  carefully  given  in  M.  Hisingcr's 
figure,  was  also  fully  shown  in  the  Gothland  specimen,  the  offsets  springing  chiefly  from  the  side  of  the 
parent  stem,  but,  possibly,  in  some  instances  from  within  the  area  of  a  once  terminal  cup.  The  nature 
of  the  Russian  fragments  prevented  the  detection  of  any  analogous  process. 

C  VATHOPH  Y  LI.1M  Sub-geUUS  TkYPLASMA. 

Cyath.  Tryplasma  eeqvabili*,  sp.  n. 

Cylindrical ,  central  area,  transi'erse  diaphragms  broad,  prolonged  partly  between  the  lamella ;  outer  area 
narrow,  lamella  numerous,  alternately  broad  and  very  narrow,  foramina  round  j  outer  wall  thin.  (PL  A, 
fig-  ?•) 

This  notice  of  specific  characters,  as  well  as  the  following  memoranda,  must  be  regurded  as  only  in- 
dicative of  the  leading  peculiarities  of  the  fossil. 

The  extent  and  dimension  of  the  specimen  from  the  river  Kakva  are  given  in  figures  7,  7  a,  Plate  A; 
and  though  the  fragment  was  so  weathered  as  to  exhibit  perfectly  no  one  surface,  yet  the  oblique  direction 
of  the  sections  greatly  facilitated  the  examination  of  the  foramina.  The  diaphragms  in  their  transverse 
range  exhibited  no  distinctive  characters,  but  heyond  the  central  area,  they  were  simply  continued  between 
and,  possibly,  through  the  lamella;,  to  the  outer  wall ;  and  therefore  presented  at  the  boundary  of  the 
lamelliferous  zone,  a  marked  difference  from  the  complicated  blcndings  in  Cyathopkyllum  turbinatum. 
The  lamella?  issued  boldly  from  the  wall  (fig.  7  a)  exhibiting  their  full  thickness  in  contact  with  it.  but 
the  extension  of  even  the  broader  was  limited.  In  the  oblique  vertical  section  (fig.  7),  their  range  was 
indicated  near  the  bottom  by  parallel  rows  of  circles,  alternately  larger  and  smaller,  the  internal  areas 
being  more  or  less  distinct,  according,  apparently,  to  the  degree  of  blending  between  the  decomposed  coral 
and  the  infiltercd  lime.  The  rows  were  divided  by  bandB  of  fine,  slightly  waved  lines.  Close  to  the  left 
of  the  section  the  foramina  were  again  shown,  either  in  an  analogous  condition,  or  as  distinct  dark  pun  - 
in  a  white  crust.  To  the  right  of  these  rows,  as  well  as  lower  down,  and  near  the  opposite  boundary, 
were  other  series  of  circles  with  relatively  broad,  vertical  intervals.  Where  the  successive  circles  were  not 
connected  by  any  white  or  pale  brown  substance,  they  were  believed  to  represent  the  tubular  extensions  on 

l  See  also  the  figures  of  Tryp.  (Cyathophyllum)  ortieulata,  PI.  A.  fig.  8,  and  the  description  of  the  Plate. 
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the  edge  of  the  lamella-  ;  and  where  such  uniting  matter  occurred,  that  the  lamella?  also  were  more  or  le»» 
represented.  In  the  vertical  interval*  above  noticed  could  be  detected,  here  and  there,  an  indistinct  circle 
or  a  white  *peck ;  and  they  were  conceived  to  mark  the  range  of  the  narrow  lamellae.  The  obliquely 
transverse  section  (fig.  7  a)  gave,  more  or  less  fully  in  both  the  broad  and  narrow  lamella:,  all  the  changes 
from  the  circle  imbedded  in  the  substance  of  the  lamella:,  to  the  tubular  or  isolated  ring.  In  this  section 
the  range  of  the  foramina  to  the  very  external  boundary  of  the  coral  was  shown  in  a  few  cases,  but  it  is 
believed  that  the  outer  envelope  was  never  pierced. 

The  specimens  from  Petropavlofsk  were  of  much  lew  dimensions,  and  possibly  belonged  to  a  distinct 
•pedes,  but  the  whole  of  the  original  coral  had  disappeared,  and  the  surfaces  were  much  weathered. 
All  the  sub-generic  characters  were,  however,  exhibited,  and  the  extension  of  the  diaphragms,  through 
the  lamella:,  was  implied  by  intersecting  parallel  lines,  which  could  be  connected  with  the  central  struc- 
ture. The  former  existence  of  broad  lamella;  was  also  proved  by  grooves  or  casts  with  circular  markings ; 
and  of  narrow,  by  similar  but  smaller  impressions  on  the  intervening  ridges. 

Localities  and  Formations. — The  river  Kakva ;  East  side  of  the  North  Ural  Mountains  -.  Silurian.  Pe- 
tropavlofsk, northernmost  Kusso-L'ralian  mines.    Silurian  or  Devonian  ?. 

Strombodes  . 

Cylindrical  (7)i  lamella  unequally  distant,  sometimes  laterally  in  contact,  more  or  less  contortedly  united  at 
the  centre  i  lamtlla-plates  easily  separated,  inner  surfaces  rough,  striated  obliquely  and  vertically  j  inter- 
stitial lamina  variously  inclined,  occasionally  very  vesicular  tovards  the  periphery;  outer  surface  trans- 
versely rugose.  (PI.  A.  fig.  13.) 
The  specimen  from  which  the  above  notice  was  obtained,  consisted  of  an  aggregate  of  crushed  frag- 
ments in  a  matrix  of  Fusulina  limestone,  but  it  jiossesiscd  considerable  interest,  as  it  was  believed  to  afford 
a  generic  representative  in  Russia  of  one  of  the  most  abundant  of  British  carboniferous  corals.  The 
English  fossil,  the  "  Sun-stones"  of  dealers,  and  one  of  the  lamcllifcrous  polypidoms  to  which  the  names 
of  Fungiles,  Turbinolia  fungites  and  Cyathophyllum  fungites  have  been  applied  by  some  authorities,  consists 
essentially  of  numerous,  vertical,  bi-plated  lamella?,  more  or  less  contorted  in  the  centre,  but  in  general 
nearly  straight  in  their  range  to  the  circumference,  where  they  sometimes  become  indistinct.  The  inter- 
stices are  almost  invariably  narrow,  and  are  closely  beset  with  variously-inclined  or  arched  lamina?.  In 
some  specimens  a  distinct  boundary  wall  encompasses  the  coral  in  part  or  wholly,  but  more  frequently, 
the  margin  is  irregular  in  outline  and  exhibits  no  definite  or  peculiar  structure.  Lastly,  the  diameter  of 
a  specimen  often  varies  greatly,  contracting  to  two-thirds  or  one. half  (from  three  inches  to  two,  or  two 
to  one),  whereby  it  acquires  the  appearance  of  a  young  column  springing  from  the  centre  of  an  old  one; 
and  in  transverse,  rough  fractures,  indications  have  been  detected  of  a  free  separation  of  horizontal  layers. 
These  characters  clearly  justify  the  removal  of  the  "  Sun-stones"  from  true  Turbinolia?  and  Cyathophylla. 
and  are  conceived  sufficient  to  warrant  the  placing  them  in  the  genus  Strombodes,  as  originally  proposed 
by  Schweigger  (Bcobachtungen.  Systematic  Table  VI.).  The  Russian  fossil  under  consideration  was  far 
too  imperfectly  exhibited  to  ascertain  its  full  characters,  but  so  far  as  the  structures  were  preserved  there 
was  a  close  agreement  with  some  of  the  smaller  "  Sun-stones."  The  fragments  of  stems,  about  half  an  inch 
in  diameter,  but  rarely  persistent  for  even  a  quarter  of  an  inch  in  height,  displayed  no  expansions  or  con- 
tractions, but  sometimes  an  unequal  development  on  opposite  sides.  The  lamella?,  strongly  bi-plated. 
were  contortedly  united  at  the  centre,  but  nearly  straight  in  their  range  to  the  circumference,  preserving  a 
uniform  thickness  where  the  outer,  prominent,  vesicular  plates  did  not  exist,  but  becoming  attenuated 
where  they  formed  a  marked  band.  Occasionally  the  lumelhc  were  in  contact  in  one  portion  of  a  section, 
but  relatively  distant  in  the  remainder.    The  interstitial  plates  were  much  less  vesicular  near  the  centre 
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than  in  the  English  fossil,  though  in  the  latter,  in  areas  of  equally  limited  extent,  the  equivalent  lamina; 
varied  in  character. 

It  has  been  deemed  correct  to  give  this  very  defective  notice,  in  the  hope  that  it  may  call  attention  to 

Western  Eurupe.  It  has  been  considered  right  not  to  suggest  a  specific  name,  as  there  were  no  means 
of  determining  how  far  the  fragments  examined  may  be  referable  to  the  Turblnolia  arietina  of  M.  Fischer 
(Oryctographie,  pi.  30.  fig.  4). 

locality  and  Formation.— Vat  River,  junction  with  the  Volga  near  Samara.   Upper  Carbon,  limestone. 

Cystiphyllum  impunctum,  sp.  n. 

Stems  cylindrical,  grouped,  traversed  externally  by  longitudinal  obsolete  strist  and  transverse  irregular  lines 
of  growth  ;  beneath  the  outer  rail,  broad,  shallow  furrows,  strongly  punctured;  vesicular  lamina  varia- 
ble in  size ;  no  radiating  lines  or  lamelU. 

This  coral  differed  materially  from  any  described  species  known  to  the  author,  but  it  agreed  in  the 
punctured  furrows  and  the  absence  of  radiating  lines  with  the  characters  of  a  very  imperfect  specimen  of 
Cystiphyllum  from  the  Devonian  limestones  of  Newton  Bushel  (England). 

Two  groups  of  Cyst,  impunctum  were  examined.  The  larger  consisted  of  part*  of  six  stems  closely 
sggrcgatcd,  but  without  the  cylindrical  contour  being  affected,  and  fractured  portions  exhibited  no  clear 
proofs  of  the  adjacent  sides  having  been  united.  The  finest  stem,  imperfect  at  each  extremity,  was  three 
inches  and  a  half  in  height,  and  had  throughout  the  greater  portion  of  its  range  a  uniform  diameter  of 
ten  lines.  The  outer  walls  were  imperfectly  displayed,  but  they  were  apparently  thin  and  nearly  solid. 
The  subjacent  impunctured  furrows,  or  casts  of  tuberculated.  compressed  ribs,  were  well-exhibited  in 
some  parts ;  and  they  were  equally  strong  at  both  extremities  of  the  stems,  ranging  longitudinally ;  they 
were  also  traversed  by  the  edges  of  the  vesicular  lamina:.  The  whole  of  the  interior  was  occupied  by 
the  bladder-like  plates,  which  were  very  irregular  in  size,  curvature  and  disposition.  No  signs  of  the 
mode  of  producing  additional  steins  were  observed. 

Locality  and  Formation. — Margin  of  the  lake  of  Pctropavlofsk,  sixty  versts  north-west  from  the  works 
of  Bogoslofsk.  Silurian. 

Caninia,  Michclin. 

Corals  be'onging  to  this  genus  have  unfortunately  been  described  under  the  double  appellations  of 
Caninia  and  Siphonophyllia.  The  former  designation  was  proposed  by  M.  Michelin  at  the  Scientific 
Congress  of  Turin  in  1S40.  and  a  description  of  the  generic  characters  was  published  in  1841  in  the 
Supplement  to  the  Dictionnaire  des  Sciences  Naturelles,  tome  i.  2ieme  partie,  p.  485.  In  one  of  the 
earlier  numbers  of  the  Iconographic  Zoophytologique  de  France  (1841  ?),  M.  Michelin  also  published  a 
detailed  explanation  with  illustrative  figures  of  Can.  gigantea  (p.  81.  pi.  16.  fig.  1).  The  first  account  of 
the  Siphonophyllia  of  Dr.  Seoul'  r  laid  before  the  public,  is  believed  to  be  that  given  by  Mr.  M'Coy  in 
p.  187  of  the  "  Synopsis  of  the  Carboniferous  Limestone  Fossils  of  Ireland,"  prepared  under  the  directions  of 
Mr.  Griffith  (1844).  The  generic  name.  Caninia.  appearing  therefore  to  have  been  first  published  with 
descriptive  characters,  the  retaining  it  has  been  deemed  correct. 

The  notices,  however,  which  have  been  thus  communicated  do  not  express  fully  the  structures  by 
which  the  corals  described  in  them  may  be  separated  from  previously  established  genera 1 ;  and  in  consc- 


'  Dr.  Scoulcr'a  account  of  the  genus  (Siphonophyllia)  not  having  been  yet  published,  the  above  remark  cannot 
apply  to  his  views  respecting  its  structure. 
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quence  apparently  of  the  difficulty,  under  aome  circumstance?,  of  detecting  the  siphon-like  contortion  of 
the  plates,  and  possibly  also  from  other  internal  structure*  not  having  been  fully  considered  at  ull  periods 
of  development  or  under  irregularities  of  growth,  doubts  have  been  expressed  respecting  the  necessity  of 
retaining  Caninia  us  distinct  from  Cynthophyllum '.  It  is  believed,  nevertheless,  from  an  examination 
of  M.Micbclin's  figures  of  Caninia  gigantea  (Iconog.  Zool.  pi.  1G.  fig.  1).  of  Mr.  Hutching's  excellent  de- 
lineation of  Siphonophyllia  (Caninia)  eylindrica  in  Mr.  Griffith's  volume  (pi.  27.  fig.  3),  and  of  specimens 
of  that  fossil  presented  to  the  Geological  Society  of  London  by  the  Earl  of  Enniskillen,  that  M.  Michelin's 
genus  is  perfectly  distinct  from  Cyathophyllum ;  and  it  would  possibly  not  have  been  considered  by  Pro- 
fessor  Goldfu&s  as  belonging  to  it,  had  the  coral  been  brought  under  his  consideration.  The  true  Cya- 
thophylla  of  that  authority,  taking  Cyathophyllum  turbinntum  as  exhibited  in  Gothland  as  well  as  British 
and  Russian  specimens,  and  Cyath.  ceratites,  and  Cyath.  flexttontm  (Petref.  pi.  17.  figs.  2  A,  3  A),  as  charac- 
teristic of  the  genus,  have  internally  only  two  areas,  an  inner  composed  of  transverse  plates  or  diaphragms, 
and  an  outer  of  vertical  lamclhc  connected  by  inclined  or  variously  arched  interstitial  1  imbue,  Caninia, 
on  the  contrary,  is  composed  internally  of  three  well-marked  structural  divisions: — 1st,  a  central  area 
composed  of  transverse  diaphragms  having  more  or  less  distinct,  siphon-like  folds,  which  penetrate  ob- 
liquely downwards;  2ndly,  a  middle  area  or  Tone  composed  of  vertical,  persistent  bi-plated  lamella*,  with 
intermediate  connecting  lamina;  or  interstitial  extensions  of  the  diaphragm,  arranged  horizontally  or  vari- 
ously inclined,  sometime*  obliquely  downwards;  and  3rdly,  on  outer  area  composed  essentially  of  vesicular 
or  arched  plates  inclined  upwards  at  considerable  angles,  and  more  or  less  intersected  by  attenuated 
extensions  or  ramifications  of  the  lamella?.  These  three  structures  arc  excellently  represented  in  Mr. 
Hutching's  figure  already  quoted,  and  though,  as  there  represented,  they  pass  into  each,  yet  each  area 
has  its  peculiar  characters,  and  may  easily  be  defined  in  either  a  vertical  or  a  transverse  section.  The 
three  divisions  are  also  truthfully  and  clearly  exhibited  in  M.  Michelin's  figure  I  a,  plate  16  of  his  work. 

It  can  form  no  part  of  these  notices  to  describe  the  complicated  details  of  the  Irish  coral  (Siphon.  (Can.) 
eylindrica),  and  they  will  doubtlessly  be  fully  and  fur  more  satisfactorily  explained  when  the  original  ob- 
servations of  the  authority  by  w  hom  the  coral  was  first  gencrieally  distinguished  in  Ireland  shall  be  laid 
Itcforc  the  public ;  but  in  preparing  the  following  notice  of  a  Russian  Caninia  of  very  similar  aspect,  it 
was  found  necessary  to  refer  to  the  characters  exhibited  in  the  Irish  specimens  belonging  to  the  Geolo- 
gical Society  of  tandon,  as  the  fossd  under  consideration  was  too  imperfect  to  allow  the  characters  to  be 
separately  investigated.  The  specimen  was  believed  to  be  distinct  from  Can.  gigantea  or  Can.  (Siphon.) 
eylindrica ;  but  as  the  structure  of  no  one  of  the  areas  was  perfectly  shown,  and  could  be  only  alluded  to, 
the  describer  did  not  feel  authorised  to  propose  a  specific  name. 

Caninia  . 

Cylindrical;  central  area,  siphon-like  fold*  indistinct .  middle  area.  lamella  namerous.  interstitial  lamina 
horizontal;  outer  area,  vesicular  lamina  highly  inclined,  very  complicated,  intersected  by  extensions  of 
the  lamella. 

The  fragment  from  which  the  above  proofs  of  generic  structure  were  obtained,  was  about  two  inches 
in  diameter,  but  the  exterior  was  iu  no  part  preserved,  and  therefore  the  actual  width  was  not  ascertain- 
able ;  the  greatest  height,  mejc-uriug  from  the  extremities  of  the  fractured  sides,  was  only  two  inches  and 
a  half;  the  outline  was  cylindrical,  but  slightly  bent. 

1 .  The  central  area  was  apparently  about  ten  lines  in  diameter,  but  it  was  so  imperfectly  exhibited,  that 
its  extent  could  not  be  clearly  defined.    In  specimens  of  Can.  (Siphonophytlia)  eylindrica,  the  size  of  w  hich 


1  See  M.  de  Kouinek's  remarks  on  Cyatbophylium,  Dm.  Anim.  rW  Terr.  Houill.  ice.  dv  la  Belgiquc,  p.  SI. 
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agreed  with  that  of  the  Russian  coral,  the  diameter  of  the  central  urea  was  also  about  ten  lines.  11m 
diaphragms  were  very  thin,  and  undulated  so  far  as  they  were  exposed  ;  on  one  side  were  also  indication* 
of  a  siphon-like  fold  or  sudden  depression ;  but  this  character  was  so  indistinct,  that  if  it  had  not  been 
exhibited  in  other  fossils,  and  described  by  the  authorities  alluded  to  in  the  remarks  upon  the  genua,  the 
fold  or  depression  would  not  have  claimed  special  attention.  The  margin  of  the  upper  or  under  surface 
of  the  diaphragms  was  likewise  so  defectively  shown,  that  the  inner  terminations  of  the  lamella*  could  not 
be  detected,  though  in  the  Irish  fossil  they  constitute  a  marked  feature,  forming  a  circle  of  bold  sharp 
crenulations  or  narrow  plates  around  the  boundary  of  the  area  on  the  upper  side  of  the  diaphragm,  and  u 
series  of  grooves  on  the  under  side. 

2.  The  middle  area  or  zone  varied  in  width  from  four  to  three  line*  in  different  portions  of  the  same 
transverse  section,  and  in  Con.  (Siphon.)  cylindrica  similar  inequalities  were  noticed  ;  but  in  the  Irish  spe- 
cimen, and  possibly  in  the  Russian,  there  was  no  constant  connexion  between  the  greater  or  less  breadth, 
and  the  position  of  the  folds  in  the  diaphragms.  The  lamella:  were  formed  of  two  plates,  distinctly  sepa- 
rable, but  the  inner  surfaces  were  exposed  to  a  very  limited  extent.  In  vertical  sections  of  the  Irish  coral 
this  character  is,  in  generul,  finely  show^i,  the  facility  with  which  the  two  plates  separate  giving  specimens 
of  considerable  length  a  great  tendency  to  split.  The  persistence  thus  displayed  in  the  vertical  range  of 
the  lamella ,  as  well  as  the  unbroken  regularity  of  the  highly  inclined  lines  on  their  surface,  exposed  in 
one  specimen  from  Ireland  for  more  than  two  inches  and  a  half,  satisfactorily  demonstrated  that  the  same 
polype  constructed  the  whole  of  that  portion,  though  intersected  by  full  fifty  diaphragms  j  and  it  is  be- 
lieved that  each  specimen,  even  when  twelve  or  fourteen  or  more  inches  in  height,  was  the  production  of 
one  animal.  At  the  part,  in  the  Russian  fossil,  wltere  the  siphon-like  depression  occurred,  there  was  also 
irregularity  in  the  arrangement  of  the  lamella-.  The  union  of  the  lamellae  with  the  diaphragms  could  not 
be  satisfactorily  studied.  The  interstitial  extensions  of  the  latter  plates  between  the  lamella?,  had.  to  the 
extent  exposed,  a  nearly  horizontal  range,  and  they  were  slightly  concave. 

3.  The  greatest  width  of  the  perfect  outer  are*  could  not  be  ascertained,  but  it  exceeded  five  lines :  in 
Can.  (Siphon.)  cylindrica  it  varied  in  the  same  transverse  section  from  four  to  seven  lines.  The  inner 
boundary,  as  in  that  fossil,  was  well-defined  by  the  abrupt  commencement  of  the  highly  inclined,  arched 
or  vesicular  laminae  of  which  the  area  was  essentially  composed.  Those  lamina?  varied  in  form,  position 
and  extent,  and  they  were  occasionally  furrowed  and  deeply  indented,  but  no  decided  foramina  were 
noticed,  though  they  occur  in  the  Irish  coral.  The  attenuated  extensions  of  the  lamella?  traversed  the 
whole  area  so  far  as  it  was  preserved,  but  not  always  in  one  uniformly  persistent  plate,  instances  occur- 
ring of  splitting  into  subordinate  ramifications,  and  their  sides  were  always  more  or  less  feathered  by  the 
vesicular  lamma?.    The  structure  of  this  area  was  also  very  imperfectly  displayed. 

Locality  and  Formation. — East  of  Usolie,  on  the  Volga  above  Samara.    Carboniferous  limestone. 


tmtrtit]  ibictna . 


Conical,  curved :  central  area,  diaphragms  connected  marginally  by  bold  citcmions  of  lamella,  siphon-fold 
small ;  middle  area,  inner  surface  of  lamella-plaits  not  readily  separable,  interstitial  lamina  hcrisontal, 
waved ;  outer  area,  vesicular  plates  numerous.  (PI.  A.  fig.  6.) 
Turbinolia  ibicina  1,  Fischer  dc  Waldhcim,  Oryctographic  du  Qouvcmcmcnt  dc  Moscou,  p.  153.  pi.  30. 

fig.  5  ;  Miatchkova. 

Between  the  younger  state,  described  in  the  next  page,  of  this  Caninia  and  M.  Fischer  de  Waldheim's 
Turb.  ibicina,  there  is  a  considerable  resemblance  so  far  as  the  character*  of  the  latter  are  delineated,  both 
apparently  consisting  of  a  central  area  with  transverse  diaphragms,  and  an  outer  of  vertical  lamellae ;  but 
it  it  difficult  to  imagine  that  the  figure  given  in  the  'Oryctographic'  can  represent  a  i 
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therefore  it  may  be  doubted,  if  there  be  a  generic  agreement ;  nevertheless,  as  it  it  possible  for  a  Caninia 
to  be  so  reduced  externally  by  weathering  that  it  might  present  the  aspect  of  the  figure  above  quoted  ; 
and  as  the  mature  fo.«»il  under  consideration  would,  if  similarly  reduced,  afford  analogous  appearances,  it 
ha*  been  considered  better  to  adopt  doubtfully  M.  Fischer's  name  than  to  propose  decisively  a  new  one. 

Three  fragments  imbedded  in  the  Fusulina  limestone  of  Velikovo  were  referred  to  this  species,  the  dif- 
ferences which  were  noticed  in  the  component  structure*  being  considered  due  to  variable  conditions 
dependent  upon  age  and  mode  of  growth.  The  largest  specimen  (PI.  A.  fig.  6).  about  one  inch  and  a 
half  in  length  and  one  in  breadth  at  the  upper  extremity,  was  so  greatly  bent,  that  the  lamellar  and  dia- 
phragtns  were  completely  distorted,  and  no  siphon-folds  could  be  detected.  Thia  specimen,  nevertheless, 
was  highly  interesting,  as  it  exhibited  an  important  structural  change  due  to  different  states  of  develop- 
ment. In  the  upper  part  the  three  areas  were  fully  shown,  they  appeared  also  further  down,  but  with 
the  vehicular  much  diminished,  and  in  the  lowest  exposed  portion  only  two  were  visible,  or  the  central 
with  the  diaphragms,  and  the  intermediate  with  the  vertical  lamella;  crossed  by  transversely  waved  plates. 
In  this  hi  areal  cute,  however,  Caninix  may  be  easily  distinguished  from  Cyathophylla  by  the  absence  in 
the  lamellifcrous  zone  of  all  vesicular  lamina?. 

In  the  second  fragment  (figs.  6a,  6  b).  which  was  merely  a  bi-are&I  segment  five  lines  in  length  and 
breadth,  the  characters,  to  the  extent  preserved,  were  better  exposed  than  in  the  larger  specimen,  the  cur- 
vature being  slight.  The  bi-platcd  lamellae  were  thick  and  simple  in  character,  with  ample  interspaces, 
and  their  inner  margins  projected  prominently  between  the  diaphragms.  The  siphon-folds  were  also  well- 
exhibited,  penetrating  obliquely  into  the  lamelliferou*  zone. 

The  third  fragment  (fig.  6  c),  imbedded  in  the  same  matrix  as  the  second,  and  possibly  a  portion  of  it, 
afforded  nn  additional  important  change  dependent  upon  growth.  It  was  a  baseal  termination,  conical, 
and  slightly  bent ;  about  one  inch  in  length,  and  half  an  inch  in  its  greatest  diameter.  At  the  upper 
part  the  exterior  was  not  fully  preserved,  but  about  the  centre  of  the  fractured  termination  was  a  small 
perforation,  or  pipe  (fig.  6  d),  which  descended  obliquely  and  was  surrounded  by  several  concentric  lamina?, 
occupying  apparently  the  whole  of  the  area.  'ITie  outer  zone  immediately  surrounding  this  structure 
(fig.  6  c)  was  composed  of  thick  lamella!  obscurely  bi-plated,  but  slightly  grooved  externally;  and. 
though  almost  in  close  contact,  their  sides  were  faintly  marked  by  waved  interstitial  lamiiuc.  A  little 
lower,  and  thence  to  the  base,  the  central  area  was  contracted  to  an  ill-defined  interval,  more  or  less  oc- 
cupied by  the  irregular  edges  of  the  lamella? ;  but  the  outer  zone  preserved  the  characters  of  the  upper 
part.  The  inferior  terminations  of  the  lamella;  were  peculiar,  and.  if  rightly  understood,  of  great  interest 
in  .an  attempt  to  investigate  the  characters  of  the  genus.  They  were  clearly  rounded  and  smooth 
(fig.  6  c).  but  not  from  abrasion,  and  they  exhibited  not  the  least  trace  of  having  been  attached,  leading, 
therefore,  to  the  inference  that  at  one  period  at  least  the  coral  was  free. 

M.  dc  Koninck,  in  his  remarks  on  the  genus,  details  a  series  of  changes  in  the  characters  of  the  siphon 
analogous  to  those  noticed  in  the  second  and  third  specimens ;  and  he  states  still  further,  that  he  has  not 
rarely  met  with  two  modifications,  a  central  cone,  und  a  species  of  lateral  siphon,  "  sur  la  meme  cloison  *." 

Locality  and  Formation. — V  elikovo,  between  Vladimir  and  Kovrof.    Upper  Carboniferous  limestone. 

In  another  specimen  of  limestone  from  the  same  locality  was  also  a  fragment  of  the  bi-areal  and  boscal 
portions  of  a  Caninia,  but  deserving  of  notice  on  account  of  the  additional  evidence  it  afforded  of  curious 
irregularities  of  development.  It  was  one  inch  and  a  half  in  length,  nine  lines  in  diameter  at  the  upper 
extremity,  and  four  at  the  lower.  The  central  area  presented  a  depressed  cone,  composed  of  diaphragms 
so  highly  contorted  and  intermingled  with  lamella?,  that  the  component  structures  could  not  be  separated 


•  Op,  HI.  on  the  structure  of  Cyathophyllum,  p.  81. 


Digitized  by  Google 


APPENDIX  A.     (LONSDALE  ON  CORALS.) 


without  attention,  and  it  resembled  more  the  aspect  of  the  equivalent  section  of  a  Strombodcs  than  the 
normal  condition  of  a  Caninia.  The  true  characters  of  the  latter  genus,  including  a  small  siphon,  were 
however  all  recognizable.  The  lower  end  was  obliquely  fractured,  but  exhibited  near  the  centre  a  minute 
convex  (concave  in  the  section  which  gave  the  under  surface)  plate,  and  two  irregular  openings  near  it, 
the  whole  being  surrounded  by  a  dense  rone  of  lamellae. 

Sttlastr**. 

In  the  remarks  on  lithostrotion  (p.  602),  it  is  stated,  that  the  coral  for  which  Lhwyd  originally  proposed 
the  name  (Lithophylacii  Britannici  Ichnographia,  Epistol.  v.  p.  122  and  pL  23,  1699)  differs  essentially  in 
structure  and  in  the  mode  of  producing  additional  columns  from  the  Lit host,  flvriforme nf  Dr.  Fleming1; 
and  it  is  shown  that  the  internal  structure  of  that  fossil  and  of  other  Russian  s|>ecies  of  Lithoetrotiun  ad- 
miu  of  a  triple  subdivision,  or  into,—  1 ,  a  central  area  occupied  by  a  variously  constituted  axis ;  2,  a  middle 
area  composed  essentially  of  persistent  vertical  lamellar ;  and  3,  an  outer  area  formed  of  arched  laminae,  more 
or  lesa  intersected  by  vertical  plates  or  extensions  of  the  lamellae :  it  is  also  shown  that  the  additional 
columns  are  chiefly  developed  within  the  area  of  the  parent  column,  though  occasionally  without  it ;  and 
further,  that  there  is  no  prevailing  natural  tendency  for  the  walls  of  the  adjacent  columns  to  separate 
when  a  specimen  is  fractured  vertically.  It  is  now  proposed  to  explain  what  is  believed  to  be  the  cha- 
racters of  the  fossil  to  which  Lhwyd  first  applied  the  name  of  Lithostrotion,  and  to  point  out  the  difference 
between  them  and  those  of  Dr.  Fleming**  Uthost.  floriformt. 

Lhwyd's  figure  (Ichnographia,  tab.  23)  expresses  admirably,  though  rudely,  the  brief  descriptive  characters 
engraved  on  the  plate,  "  Lithostrotion  sivc  Basaltcs  minimus  striatus  et  stcllatus,"  the  vertical  surface  ex- 
hibiting a  scries  of  polygonal  or  basaltic -like  columns  longitudinally  striated,  and  the  transverse  a  Oungeries 
of  variously  sized,  polygonal  stars.  Lhwyd  unfortunately  gives  no  additional  information  in  the  letter 
where  the  fossil  is  mentioned  (Epistol.  v.  p.  122) ;  but  Parkinson,  in  his  description  of  a  coral  assigned 
by  him  apparently  with  great  correctness  to  Lhwyd's  "  Lithostrotion  sive  Basaltcs"  (Org.  Rem.,  vol.  ii. 
p,  43 — 45,  pi.  5.  figs.  6  and  3),  says,  that  it  "  breaks  with  a  moderate  force  laterally  applied  into  angular 
ledges,"  that  '"  one  or  more  of  the  columns  may  be  detached  by  a  moderate  stroke,"  and  that  "  a  close 
examination,  especially  of  its  polished  surface,  will  show  that  the  stone  is  composed  of  a  congeries  of 
polygonal  columns  exactly  adapted  and  closely  concreted  together  in  a  parallel  direction."  The  first  anil 
last  of  these  statements  are  strictly  applicable  to  Lhwyd's  figure,  the  vertical  turfuce  bearing  evidence  ot 
facility  of  fracture,  and  the  whole  three  to  a  coral  found  in  the  mountain  limestoue  near  Bristol.  Par- 
kinson further  states,  that  "  the  longitudinal  section  exhibits  a  striated  plumose  appearance,  and  that 
numerous  exceedingly  slender,  longitudinal  lamellae,  corresponding  with  the  external  striae,  are  disposed 
perpendicularly  from  the  circumference  to  the  centre  in  a  stellated  form,  intersected  vertically  and  hori- 
zontally by  proportionally  numerous  and  equally  delicate  lamellae"  (p. 44).  These  characters  are  likewise 
prominently  exhibited  by  the  Bristol  coral  before  mentioned ;  and  believing  that  Parkinson  was  perfectly 
correct  in  referring  his  specimen  to  Lhwyd's  1  Lithostrutiou,'  and  tl»at  consequently  the  Bristol  fossil  is 
also  gencrically  if  not  specifically  identical  with  the  latter,  it  is  proposed  to  explain  briefly  the  leading 
characters  by  which  Lhwyd's  polypidom  may  be  known  from  Dr.  Fleming's  Lithostrotion. 

The  Bristol  coral  consists  of  columns  closely  aggregated,  and  so  moulded  as  to  fit  perfectly  and  fill  all 
irregularities ;  but  they  are  easily  separated  on  every  side,  the  adjacent  walls  of  each  column  having  been 
developed  by  the  inhabiting  polype,  without  apparently  any  superior,  superficial  community  of  existence 

1  IMhettntion  striatum  of  the  same  authority,  though  referred  to  Lhwyd's  figure,  may,  it  is  believed,  be  applied 
more  accurately  to  a  carboniferous  fossil  resembling  it,  but  possessing  truly  the  generic  character  of  Lit  hut.  flori- 
formt.  Brit.  Anim.  508. 
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with  the  occupants  of  surrounding  columns.  In  Lilhottrotion  floriformc.  on  the  contrary,  as  already  stated, 
there  is  no  tendency  to  divide  naturally  on  all  side*,  the  wall*  being  essentially  "  coadunated,"  a  character 
alluded  to  by  Martin  in  his  account  of  the  fossil ;  and  though  he  says  that  "  they  are  in  most  specimens 
••eparable,"  yet  such  natural  divisions  have  been  found  to  be  only  occasional  and  confined  to  a  limited  part 
nf  the  exterior  of  the  columns,  the  other  portions  being  firmly  united.  These  separations  are  believed  to 
occur  only  where  two  groups  of  columns  have  been  irregularly  brought  in  contact.  (Petri.  Derb.  descrip- 
tion of  pi.  43  and  44.  referred  to  by  Dr.  Fleming,  Brit.  Anim.  p.  508.)  Internally  Lhwyd's  or  the  Bristol 
coral  is  divisible  in  the  mature  state  into  two  areas,  not  three: — 1st,  a  centre  more  or  less  extensive, 
occupied  by  lamella-  variously  blended  or  by  contorted  lamina,  but  not  traversed  by  a  distinct,  persistent 
axis ;  and  *2ndly.  an  outer  area  intersected  by  vertical  persistent  lamellae,  the  interstices  being  variously 
crossed  by  inclined  or  arched  vesicular  plates.  The  additional  columns  were  produced  by  a  subdivision 
parallel  to  one  of  the  facets  of  the  pre-existing  column,  and  not  by  the  development  of  a  circular  germ. 
Kxternally,  the  partition  was  rendered  visible  by  a  line  commencing  in  outer  walls  on  opposite  sides  of  a 
column,  and  ranging  upwards,  it  almost  immediately  marked  a  clear  boundary  between  two  distinct 
columns.  The  polypes  which  inhabited  these  structures  formed,  as  before  stated,  independent,  adjacent 
walls,  and  had,  it  is  inferred,  no  connexion  at  the  upper  extremities.  To  this  mode  of  production,  the 
facility  with  which  the  columns  arc  detached  is  necessarily  ascribed.  In  Lilhott.  fiori/ormr  the  germ  pro- 
duced w  ithin  the  area  of  the  parent  was  circular,  its  periphery  having  no  parallelism  with  the  sides  of  the 
previous  column,  and  it  did  not  devclupe  a  separate  wall,  the  boundary  between  the  young  and  the  old 
columns  having  been  a  conjoint  labour.  It  may  be  also  stated,  that  the  aptitude  of  the  polypes  to  fill 
every  inequality  due  to  growth,  precluded  the  possibility  of  the  introduction  of  interstitial  columns. 

The  internal  characters  dependent  upon  this  manner  of  reproduction  were  better  exhibited  in  a  Russian 
coral,  described  in  the  next  page,  than  in  the  Bristol  fossil,  but  they  are  briefly  noticed  here  to  complete, 
as  far  as  possible,  the  generic  memoranda.  In  a  section,  purposely  made,  about  half  a  line  below  the 
point,  where  a  subdivision  was  visible,  the  transverse  under  surface  exhibited  not  the  least  sign  of  any 
irregularity  in  the  lamelhe  or  in  the  interstitial  plates.  The  young  or  offset  column,  which  commenced  im- 
mediately above  the  section  (PI.  A.  fig.  '1  b),  nearly  subdivided  the  facets  from  which  it  sprung,  but  its  area 
was  much  less  than  half  that  of  the  pre-existing  column.  The  exposed  surface  was  inclined  obliquely  for- 
ward, and  therefore  did  not  display  everywhere  an  equal  state  of  development.  The  structure  exhibited  in 
this  uneven  plane  was  much  less  regular  than  that  in  the  section  beneath,  though  not  very  different  from 
the  arrangement  of  the  component  lamina?  near  the  sides  of  other  columns  in  which  no  subdivisions  existed  : 
traces  also  of  extension  upwards  of  the  lamella:  of  the  undivided  column  were  likewise  detectable,  indicating 
that  the  polype  of  the  young  column  possessed,  to  a  certain  extent  at  least,  the  secreting  membranes  of 
the  old.  It  must  also  be  stated,  that  though  irregularities  in  the  exterior  of  the  columns  attended  in 
»>me  cases  the  production  of  the  offset,  yet  that  in  others  there  was  no  disconnection  upwards  between 
the  ribs  of  that  portion  of  the  undivided  wall  which  was  subjacent  to  the  young  column,  and  those  on  the 
surface  of  the  latter.  In  every  instance  in  the  Russian  specimen  as  well  as  in  the  English  the  divisional 
line  of  the  offset  was  parallel  to  one  of  the  facets,  and  the  youngest  condition  of  the  severed  portion  was 
an  irregular  polygon.  In  Lithostrotion,  the  lamellae  of  the  offspring  could  not  be  referred  even  in  part  to 
a  continuation  with  pre-existing  structures. 

In  all  respects,  therefore,  it  is  believed  that  the  Bristol,  and  consequently  Lhwyd's  coral,  is  generically 
distinct  from  Dr.  Fleming's  Lilhoilrotion  floriforme. 


In  the  inferred  mode  of  producing  additional  columns,  there  is  a  resemblance  to  the  fossiliferous  opera- 
tion characteristic  of  the  Astrea  and  Favia  of  Ehrcnbcrg  as  well  as  of  the  restricted  CaryophyUia  of  the 
same  authority.    In  the  two  former  however  the  polypes  belonging  to  one  specimen  possess  a  perfect 
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community  of  existence,  and  as  the  wall*  of  the  adjacent  stems  are  also  inseparable,  there  arc  marked 
generic  distinctions  from  Lhwyd's  coral.  With  Ebrenberg's  Caryophyllia,  including  the  Lobophyllia  of 
De  Bluinville,  there  is  a  greater  agreement,  each  polype  having  at  the  superior  termination  a  perfectly 
distinct  boundary,  and  in  general  considerable  intervals  between  it  and  those  next  adjacent ;  but  internally 
ttie  structure  of  the  Bristol  coral  and  others  allied  to  it,  is  so  very  distinct  from  that  of  Caryophyllia,  par- 
ticularly in  the  bi-plated  nature  of  the  lamellar  and  in  the  vesicular  character  of  the  interstitial  plates,  as 
to  warrant,  independent  of  the  mode  of  grouping  and  the  decided  coutinuatiun  on  the  outer  side  of  the 
divided  stems,  of  the  lamella1  of  the  undivided,  a  generic  separation. 

It  is  proposed,  therefore,  to  apply  to  Lhwyd's  coral  the  generic  designation  of  Stylastnea  (aru\ot,  co- 
lumna ;  uarpor,  astrum),  recommended  to  the  describer  by  Mr.  Murchison  on  account  of  its  columnar 
aspect ;  and  if  Parkinson  be  correct  in  considering  it  as  identical  w  ith  a  fossil  described  by  Volkmann,  it 
is  further  suggested  that  it  should  be  distinguished  from  other  species  by  the  designation  of  Slylaslraa 
vorticalis.  (Parkinson,  Org.  Item.,  vol.  ii.  p.  45.) 

The  following  may  be  given  as  a  summary  of  the  generic  characters,  so  far  as  the  nature  of  the  coral 
is  known  to  the  describer  : — 

./  columnar.  lamelliferoui,  stony  palypidom;  lamella  exceeding  twelve,  bi-plated ;  columns  closely  aggregated, 
easily  separated/  internal  structure  twofold, — 1»/,  a  central  area  occupied  by  variously  blended  lamella-  or 
contorted  lamina',  wttknH  a  distinct,  pertistent  tuis ;  2nd,  an  outer  lone,  traversed  by  vertical,  continuous, 
bi-plated  lamella,  not  fasciculated ;  interstices  occupied  by  numerous,  arched  or  vesicular  lamina: ;  additional 
columns  produced  by  subdivisions  of  the  parent  column  ;  polypes  perfectly  circumscribed  at  the  superior  termi- 
nation ;  no  connecting  mantle. 

Stylastraa  inconferta,  sp.  n. 

Columns  4 — 6-sided,  irregular  in  the  breadth  of  the  planes  and  the  range  upwards ;  outer  surface  unequally 
ribbed;  central  area,  variously  contorted  lamina-;  outer  zone,  lamella-  about  thirty-four,  alternately  broad 
and  very  narrow;  interstitial  plates  numerous;  terminal  cup  net  observed;  additional  columns  bi-partite 
{only:-).  (PI.  A.  fig.  8.) 

Thi»  fossil  differs  from  Lhwyd's  species  in  the  greater  dimensions  of  the  columns,  in  the  more  open 
structure  of  the  interior,  and  in  the  centre  being  much  less  occupied  by  prolongations  of  the  lamclhe. 

The  specimen  of  Styl.  inconferta  which  was  examined,  was  a  fragment  detached  from  the  interior  of  a 
mass,  and  it  measured  about  four  inches  and  a  half  in  altitude,  two  and  a  quarter  in  width,  and  one  and  a 
half  in  extreme  thickness.  The  columns  exhibited  not  the  slightest  indications  of  divergence,  but  they 
were  more  or  less  irregular  in  form  and  range,  and  so  perfectly  moulded  to  each  other  as  to  indicate  a 
complete  aptitude  in  the  polypes  to  fill  every  interspace  (fig.  2).  They  had  in  some  places  been  fractured, 
and  occasionally  dislocated,  apparently  during  the  life  of  the  animal ;  and  at  the  upper  extremity  the  whole 
mass  of  the  specimen,  to  the  depth  of  half  an  inch,  had  so  far  undergone  decomposition,  that  it  presented 
only  a  confused  aggregate  of  broken  plates  with  slight  traces  of  polygonal  boundaries.  The  average 
diameter  of  the  more  regular  columns  was  four  lines. 

1 .  The  central  area,  which  was  circular  and  rarely  exceeded  one  line  in  diameter,  had  no  definite  boun- 
dary, and  was  composed  of  irregular  lamina?  variously  inclined  and  intermingled,  but  sometimes,  though 
rarely,  extended  transversely  across  the  area,  giving  such  limited  vertical  section*  very  much  the  aspect 
of  the  interior  of  a  Cyathophyllum  :  the  general  structure,  however,  agreed  more  nearly  with  that  of  a 
Lithodendron  without  an  axis.  Rough  transverse  sections,  moreover,  never  gave  a  centre  composed  of  a 
smooth,  flat  disc  similar  to  that  of  Cyathophyllum;  and  such  surfaces,  when  polished,  always  exhibited 
faint  curved  lines,  without  any  symmetrical  structure,  indicative  of  the  axis  of  Lithostrotion  or  Littv.  . 
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2.  The  lamella:  of  the  outer  area  sprang  very  generally  from  the  boundary  wall,  the  narrow  being  almost 
rudimentary,  but  the  broad  ranging  with  alight  flexures  across  the  tone,  and  sometimes  into  the  central 
structure.  Though  conjointly  exceedingly  thin,  the  two  plates  could  readily  be  detected  in  polished, 
transverse  sections  ;  and  in  longitudinal  fractures  (fig.  2,  2  a  mag.),  the  separated  feathered  surfaces  were 
as  clearly  displayed  in  these  comparatively  minute  columns  as  in  the  gigantic  Caninia  of  Ireland.  There 
was,  however,  this  difference ;  in  Stylastra.*  the  inner  surface  of  the  plate*  extended  to  the  wall  of  the  co- 
lumn, while  in  Caninia  it  was  confined  to  a  limited  intermediate  zone.  The  surface  was  traversed  by 
strong,  waved  lines,  inclined  upwards  and  outwards.  The  interstitial  plates,  prolongations,  in  part  at  least, 
of  the  central  lamina:,  were,  as  exposed  in  vertical  sections,  highly  inclined,  vesicular  and  numerous,  hut 
not  so  close  or  small  as  in  Lliwyd's  coral ;  and  in  transverse  sections  they  exhibited  variously  combined, 
curved  or  arched  lines,  also  less  numerous  or  closely  disposed  than  in  that  fossil,  on  account  apparently 
of  the  rudimentary  character  of  the  alternate  or  narrow  lamella;. 

The  exterior  of  the  columns  (fig.  2)  was  very  irregular  in  outline,  conforming,  as  before  stated,  to  all  in- 
equalities of  upward  development ;  and  uot  unfrequently  one  column  overlapped,  in  part,  an  adjacent  facet. 
The  sides  were  crossed  by  tine,  waved  lines  and  prominent  ridges,  indicative  of  renewed  or  disturbed 
growth ;  and  they  were  traversed  vertically  by  broad  ribs  of  variable  strength  and  persistence. 

With  respect  to  the  mode  of  producing  additional  columns,  the  remarks  already  given  (p.  C20  and 
fig.  2  b)  contain  all  the  information  acquired  from  the  examination  of  this  specimen,  except  that  stages  of 
gradual  completion  of  internal  structure  in  the  divided  columns  were  noticed  (fig.  2  r),  and  tluit  the  re- 
productive developments  took  place  very  irregularly,  and  in  general  at  considerable  intervals.  No  signs 
of  a  triple  or  quadruple  partition  were  detected. 

Loralily  and  Formation. — Kossatchi-Datchi,  south  of  Minsk,  eastern  side  of  the  Ural  Chain.  Carboni- 
ferous limestone.  (Siylattrca  incon/crta  thus  affords  an  additional  interesting  link  between  the  carboni- 
ferous fauna  of  Western  Europe  and  that  of  the  borders  of  Asm.) 

DlfUVPUTLLUM. 

This  generic  designation  is  proposed  for  certain  corals  which  exhibit  an  aggregate  of  characters  be- 
lieved to  be  sufficiently  peculiar  to  warrant  the  fossils  possessing  them  being  considered  the  type  of  a  new 
Kenus.  The  peculiarities  were  first  observed  in  a  specimen  from  the  carboniferous  limestone  of  the 
neighbourhood  of  Karaenak,  on  the  Siberian  side  of  the  Ural  Mountains,  and  more  recently  in  a  fossil  of 
not  rare  occurrence  in  the  equivalent  formation  near  Bristol.  The  genera  with  which  these  corals  arc 
most  nearly  allied,  as  respects  cither  structural  details  or  mode  of  reproduction,  are  Lithodendrou,  Cya- 
tliophyllum,  Stylastra-a  and  Caryophyllia  of  Ehrcnberg.  In  the  following  notice,  allusion  is  constantly 
made  to  the  English  specimens  also,  as  they  exhibited  prominently,  in  some  instances,  characters  which 
wrre  but  slightly  indicated  in  those  from  Kamcnsk ;  and  the  reader  is  requested  while  perusing  it  to  con- 
sult the  figures  of  the  latter  fossil  given  in  Plate  A.  (figs.  4  to  4  c). 

The  points  of  resemblance  between  the  corals  under  consideration  and  well-known  species  of  Litho- 
dendrou, are,  in  some  states,  so  considerable,  that  the  Bristol  fossil  may  have  been  occasionally  referred  to 
one  of  them.  In  the  mode  of  growth,  both  Lithodcndron  and  the  proposed  genus  agree  by  having  deve- 
loped ramified  masses,  with  the  stems  more  or  less  distant  from  each  other,  but  occasionally  united  when 
the  interval  was  small.  Internally  both  genera  exhibit,  in  the  zone  surrounding  the  central  area,  a  great 
uniformity  of  structure,  allowance  being  made  for  specific  diversities,  and  the  variations  which  occur  in 
different  portions  of  the  same  specimen.  The  lamella:  in  both  are  also  bi-platcd.  As  regards  the  central 
area,  it  was  composed  in  the  Kamcnsk  specimens  of  convex  or  flat  diaphragms ;  but  in  neither  longitu- 
dinal or  transverse  sections  obtained  by  fracture,  and  subsequently  polished,  were  any  signs  detected  of 
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an  ax  if  ;  nor  did  they  occur  in  a  specimen,  bo  worn  down  by  the  de«criber  that  the  centre  could  not  Ue 
passed,  and  an  axis  exist,  without  being  discovered.  In  some  of  the  Bristol  longitudinal  sections,  how- 
ever, displaying  in  all  other  respects  a  perfect  agreement  with  those  of  the  Kamcnsk  fossil,  a  central  body 
was  occasionally  more  or  less  developed,  and  when  fully,  it  resembled  so  greatly  the  axis  of  true  Lithodendtn. 
that  a  generic  identity  might  have  been  inferred.  It  is  believed,  nevertheless,  that  there  are  important  es- 
sential differences  between  the  apparent  axis  of  the  proposed  genus  and  the  real  axis  of  the  established  one. 
In  Lithodcndron  it  forms  a  marked  jiersistent  body,  variously  constituted,  but  ranging  continuously  through 
the  centre  of  the  stem,  and  forming  in  the  terminal  cup  a  hold  boss :  there  is  nl«o  no  connexion  !>ctwee» 
it  and  the  mode  of  ramification,  the  branches  springing  from  the  side,  and  being  in  no  way  influenced  by 
it.  In  the  proposed  genus,  on  the  contrary,  the  central  body  varies  in  characters,  the  variations  depend- 
ing, it  is  believed,  on  the  manner  in  which  the  ramifying  was  effected.  In  longitudinal  sections  of  Iwth 
Kamensk  and  Bristol  specimens,  an  acicular  point,  more  or  less  prolonged,  was  not  unfrequently  noticed 
springing  vertically  or  obliquely  from  the  centre  of  one  diaphragm,  and  occasionally  ranging  to  the  under 
surface  of  the  next.  In  some  sections  from  Bristol,  not  those  which  exhibited  most  strongly  the  appa- 
rent axis,  similar  acicular  lines  traversed  two.  or  more,  successive  intervals,  but  without  any  regular  con- 
nexion, the  terminations  on  the  upper  and  under  sides  of  the  diaphragms  not  coinciding  in  position.  Be- 
tween these  intersected  intervals,  others  occurred  in  which  no  central  process  was  noticed.  Again,  in  lieu 
of  a  single  line,  two  occasionally  appeared  springing  obliquely  from  a  continuous  base  or  diaphragm,  and 
were  united  in  an  acute  angle,  either  at  the  top  of  the  interval,  or  after  extending  through  more  than 
one,  and  in  such  cases  interrupting  the  range  of  the  intermediate  diaphragms.  Occasionally  also  one  of 
the  transverse  lamina  was  bent  upwards  at  an  obtuse  angle  in  the  centre.  In  the  most  strongly  charac- 
terized axes,  the  diaphragms  were  in  general  very  irregular,  and  sharply  inclined  against  the  central  aci- 
cular line ;  the  whole  agreeing,  as  before  stated,  almost  perfectly  in  appearance  with  the  axis  of  some 
true  Lithodendra.  All  these  structures  were  very  unequally  exhibited,  and  even  the  last  was  preceded 
and  succeeded  in  the  same  section,  which  snowed  no  distinct  curvature,  by  regular  diaphragms  and  in- 
tervals, without  any  indications  of  a  central  body.  In  nearly  300  transverse  or  oblique  sections,  displayed 
in  polished  Bristol  slabs,  no  true  axis  was  observed ;  and  in  the  only  terminal  cup  examined  (a  Kamcnsk 
specimen),  no  boss  wa»  discovered,  during  a  careful  removal  of  the  sediment  with  which  the  depression 
had  been  filled. 

It  is  proposed  now  to  state  briefly  the  conceived  real  nature  of  these  various  central  structure*,  and  to 
point  out  in  what  respects  they  are  believed  to  differ  from  the  axis  of  Lithodendra. 

The  branching  in  the  corala  under  consideration,  waa  effected  by  a  perfect  medial  subdivision  of  the  stem, 
and  consequently  in  the  exact  range  of  the  indication*  above  noticed  of  irregularities  in  the  inhabiting 
polype  :  moreover,  those  structural  inequalities  often  immediately  preceded  the  sub-divisional  process,  and 
could  easily  be  referred  as  the  first  f  teps  in  that  new  order  of  growth  which  was  speedily  perfected  in  the 
divided  branches.  In  figure  4  b,  Plate  A.,  an  acicular  line  immediately  precedes  the  bifurcation  I  and  the 
reader  is  requested  to  compare  the  oblique,  subdivided  diaphragms  at  the  commencement  of  the  separated 
branches  with  the  inclined  plates  mentioned  above.  It  is  therefore  inferred,  that  all  the  irregularities  or 
apparent  axeal  structures  are  but  immature  signs  of  the  process  which  was  effected  at  the  fitting  period ; 
and  further,  that  such  a  mode  of  branching  precluded  the  existence  of  a  persistent  axis  similar  to  that  of 
Lithodcndron:  it  has  been  already  stated,  there  is  no  connexion  in  that  genus,  in  position  or  otherwise,  be- 
tween the  axis  and  the  lateral  offsets  or  branches  developed  from  germs.  According  to  Ehrenberg,  this  dif. 
ference  in  the  mode  of  ramification  demands  not  only  a  generic  separation,  but  tha  toe  coral  should  be 
placed  in  a  distinct  family  from  that  to  which  Lithodcndron  belongs. 

4  l2 
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Respecting  the  other  genera  with  which  the  Kamcnsk  fossil  has  been  stated  to  have  certain  resem- 
blances, few  remarks  only  arc  necessary. 

Internally  there  is  an  almost  perfect  central  agreement,  except  in  the  occasional  irregularities,  between 
the  proposed  genus  and  many  of  the  corals  usually  assigned  to  Cyathophyllum  ;  but  there  is,  again,  be- 
sides  the  distinction  in  the  number  of  areas,  the  important  difference,  of  one  being  perfectly  bipartite  and 
the  other  proliferous. 

As  regards  Stylastnra,  the  structural  details  of  the  interior  are  also  different  as  respects  the  areas,  and 
the  sub-divisional  process,  if  rightly  assigned  to  that  genus,  is  much  leas  perfect  than  in  the  Kamcnsk 
fossil  -,  in  Stylastnea  also  the  adjacent  columns  arc  never  laterally  united. 

lastly,  while  there  is  a  strict  accordance  in  the  mode  of  branching,  there  is  a  complete  dissimilarity 
internally  between  the  coral  which  has  been  under  consideration  and  Caryophyllia. 

Believing,  therefore,  that  the  Siberian  and  English  polypidoms  are  in  their  aggregated  characters  gene- 
rieally  distinct,  it  is  proposed  to  designate  them  by  the  appellation  of  Diphyphyllum,  founded  on  the  two- 
fold resemblance,  first  noticed  in  the  Kamenak  specimens,  to  Cyathophyllum  ccntrically,  and  to  Caryo- 
phyllia in  the  mode  of  branching  (et}v,)t,  duos  habens  naluras;  fvteov,  folium). 

The  following  generic  characters  are  suggested : — 

A  stony.  lamelliferous  polypidom  ;  lamella  exceeding  12,  bi-plated ;  branched,  branches  dichotomous ;  inter- 
nal structure,  tri-areal :  1 ,  central  area,  intersected  by  fiat,  convex  or  irregular  diaphragms,  no  persistent 
axis ;  2.  intermediate  area,  traversed  vertically  by  lamella ;  interspaces  crossed  obliquely  or  downwards  by 
ex  tensions  of  the  diaphragms  and  subordinate  plates ;  3,  outer  area  traversed  by  lateral  extensions  of  lamella- ; 
interspaces  crossed  by  arched  or  vesicular  lamina  inclined  upwards  and  outwards ;  stems  not  uniformly  thick- 
ened by  external  secretions,  but  occasionally  united  when  in  juxtaposition. 

Diphyphyllum  eoncinnum. 

Stem*  cylindrical,  nearly  smooth ;  crossed  externally  by  close,  fine,  waved  lines,  and  stronger,  unequal,  distant 
bands;  lamella  numerous,  variable;  inner  surface  of  plates  furrowed  strongly  upwards  and  outwards , 
central  area,  diaphragms  fiat,  convex  or  irngular  ;  intermediate  area,  principal  lamella  exceeding  30, 
more  or  less  waced,  intermediate  very  unequal;  interstitial  prolongations  of  diaphragms  inclined  sharply 
downwards,  accessory  plate*  nearly  horizontal ,  outer  area,  lamella  variable  in  strength  and  range,  in- 
terstitial plates  largely  vesicular;  terminal  cup  deep,  lined  by  edges  of  the  lamella,  no  central  boss. 
(PI.  A.  fig.  4.) 

The  specimens  of  this  coral  which  were  examined,  consisted  of  one  subdivided  stem  (fig.  4  a,  4  A),  and 
several  |»ortions  of  others  (fig.  4) ;  the  larger  having  a  nearly  uniform  diameter  of  four  and  a  half  lines, 
and  the  smaller  of  three  and  a  half  lines.  The  relative  proportions  of  the  areas  were  not  quite  constant, 
but  in  one  specimen  the  width  of  the  central  was  about  two  lines,  and  that  of  each  of  the  others  one  line. 
Hie  inner  surfaces  of  the  lamella-  plates  agreed  almost  perfectly  with  those  of  Caninia  and  Stylastran ;  and 
the  lamella?  in  their  extension  across  the  outer  area,  partook  very  much  of  the  variable  characters  exhibited 
in  the  former  genus ;  being  sometimes  alternately  broad  and  narrow,  the  latter  projecting  partially  into 
the  intermediate  rone,  but  sometimes  ao  united  to  the  vesicular  lamina?  as  to  form  a  complicated  reticu- 
lation. The  boundary  wall  was  exceedingly  thin  throughout,  and  exhibited  no  indications  of  lateral  junc- 
tions. The  indications  of  an  axis  were  very  faint,  being  confined  to  the  occasional  appearance  of  a  single 
line  in  the  centre  of  the  area,  or  to  a  few  instances  of  conical  irregularities  in  the  diaphragms.  The 
beautiful  example  of  bifurcation  represented  in  figures  4  a,  4  b,  exhibits  clearly  the  connexion  between 


such  irregularities  and  the  sub-dividing  process.    The  depth  of  the  terminal  cup  was  rather  more  than 
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half  the  diameter ,  the  margin  wu  slurp ;  the  edges  of  the  lamella:  projected  slightly  and  the  bottom 
was  formed  by  the  smooth  surface  of  a  diaphragm. 

Locality  and  Formation.— Hill  of  Tchirief.  Kamensk.  on  the  river  lasctz.  eastern  side  of  tbe  Ural  Chain. 

Monticularia  Sternbergii,  Fischer. 

Hydnopkora  Stembergii,  Fischer  de  Waldheim,  Oryctographie  du  Gouvern.  de  Moacou,  p.  157.  pi.  34. 
fig.  5 '.    (Gregorievo,  sixty  vents  south-west  from  Moscow.) 

The  specimen  of  this  coral  which  was  examined,  consisted  of  soft,  granular  limestone,  without  a  trace 
of  animal  secretion.  The  portions  exhibiting  the  lamclliferous  cones  were  of  limited  extent ;  but  there 
was  a  perfect  agreement  in  the  number  and  character  of  rays,  with  M.  Fischer's  description  and  unmag 
nified  figure.  From  the  friable  nature  of  the  specimen,  it  was  impossible  to  detect  any  extension  inward* 
of  the  lamelliferous  rays ;  but  it  was  believed,  on  account  of  the  agreement  in  the  characters  of  the  cone* 
with  those  of  a  recent  specimen  of  Monticularia,  and  from  the  difficulty  of  referring  them  to  casts  of  an 
Astrea  or  any  allied  genus,  that  the  fossil  had  been  rightly  studied  by  M.  Fischer.  Professor  Goldfuss.  in 
the  additions  to  the  first  volume  of  the  Petrefacta.  has  identified  his  Attrea  velamcnlosa,  a  Macstricht 
fossil,  with  Monticularia  Sternbergii,  but  most  clearly  on  insufficient  grounds  (Pctref.  pp.  68.  245.  pi.  23. 

%••»)  ^  M  hk   •      Go  ofK 

Porites  pyriformif,  Ehrenberg. 
Beitrage  zur  Kenntniss  der  Corallenthiere  des  Rothen  Meerc*.  p.  1 20.  1831-1834.    (Berlin  Trans- 
actions,  1832.) 

Heliopora  interitincta.  Eichwald,  Systemc  Silurien  de  l'Esthonie,  p.  211.  1840. 

In  Mr.  Murchiaon's  works  on  the  Silurian  System,  part  ii.  p.  686,  a  list  of  other  synonyms  and  refer- 
ences is  given. 

It  is  believed,  that  the  specific  characters  of  the  group  of  corals  to  which  For.  piriformis  belongs 
cannot  be  correctly  determined,  unless  the  specimens  examined  exhibit,  not  only  the  structure  pos- 
ocsscd  during  growth,  but  that  also  which  the  polype  developed  at  the  period  when  it  apparently  censed 
to  add  to  the  stony  fabric.    So  far,  however,  as  a  comparison  of  equally  immature  specimens  would 

found  in  the  Silurian  formations  of  England,  of  Gothland,  or  of  Malmoe  Isle  in  the  Bay  of  Christiania. 
With  respect  to  the  Eifel  coral  described  and  figured  by  Prof.  Goldfuss,  under  the  name  of  Astrea  porosa. 
( Pctref.  pi.  21.  fig.  7),  and  identified  by  him,  as  well  as  by  all  other  authorities,  with  the  Gothland  fossil, 
or  Porile*  pyriformi$.  the  same  stage  of  development  presents,  it  is  believed,  no  structural  difference, 
with  the  exception,  perhaps,  of  a  greater  breadth  of  the  lamella:.  This  observation  applies  also  to  a  coral 
common  in  the  Devonian  limestone  of  England,  and  assigned  likewise  to  Por.  pyriformit.  In  a  notice, 
however,  on  one  of  the  plates,  illustrative  of  Professor  Sedgwick  and  Mr.  Murchison's  Memoir  on  the 
Devonian  System  of  England  (Trans.  Geol.  Soc.  London,  2nd  ser.  vol.  v.  pi.  58.  1840),  some  specimens 

1  It  has  been  considered  necessary  to  retain  the  use  of  Lamarck's  generic  name,  on  account  of  its  having  been 
very  generally  adopted,  though  proposed  subsequently  to  Hydnophora. 

*  The  locality  of  Mcshkovitza,  north  of  Shavli,  in  the  government  of  Kovno  (Lithuania),  where  our  fragment  was 
rnlleeted,  is  unquestionably  Silurian ;  whilst  Fischer's  locality  is  carboniferous.  Believing  the  identification  of  Mr. 
Lonsdale  to  be  correct,  it  docs  not  appear  to  as  absolutely  necessary  to  suppose,  that  this  species  of  coral  is  com  • 
mon  to  the  two  systems  j  for,  after  all,  the  Moscow  specimen  may  have  been  derived  from  the  northern  drift,  in 
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of  tbat  coral  belonging  to  Mr.  Austen  arc  briefly  shown  to  undergo  u  very  remarkable  change  at  a  certain 
period  of  development,  and  inferred  to  be  that  which  limited  its  growth.  Whether  the  specific  determi- 
nation was  correct,  remains  to  be  proved  by  the  discovery  of  Silurian  specimens,  exhibiting  fully  the  same 
state.  The  author  of  these  notes  is  not  aware  of  any  observations  having  been  made  upon  this  important 
inquiry  ;  and  he  is  unwilling  to  propose,  on  imperfect  evidence,  specific  separations  ;  but  a  Gothland 
specimen  in  Mr.  Murchison's  cabinet  afforded  a  few  instances  of  the  obliteration  of  tubes  by  the  extension 
and  union  of  the  lamella'.  The  characters,  thus  presented,  differed  however  materially  from  those  ex- 
hibited by  the  specimens  from  the  Devonian  limestones  of  England,  being  merely  a  junction  of  lamella? 
without  any  of  the  fillings-up  by  transverse  or  convex  laminae  so  prominent  in  the  other  instances.  It 
has,  however,  been  deemed  right  to  call  attention  to  the  subject,  and  it  is  hoped  that  it  will  receive  from 
those  possessed  of  the  requisite  facilities,  a  full  share  of  consideration. 

In  the  recent  Htlinpora  camlea  of  De  Blainville  (Pocillopora  c<erulea,  Lamarck),  a  somewhat  similar 
obliteration  of  the  tubes  occurs,  but  the  agreement  is  not  considered  sufficient  in  the  present  state  of  the 
inquiry  to  justify  the  restoration  of  Poritet  pyriformi*  to  that  genus,  other  Anthozoa  exhibiting  also  re- 
markable changes  in  the  external  characters  at  a  certain,  possibly  final  period  of  development. 

Localitiet  and  Formations.— Isle  of  Dago  ;  Pctropavlofsk  ;  Gothland  ;  Malmoe  Isle,  in  Christiania  Bay  ; 
Upper  Silurian. 

Aulopora  conglomerate  f.  Goldf. ' 

Petrefacta,  p.  83.  pi.  29.  fig.  4. 

The  fossil  assigned  with  a  doubt  to  this  coral,  was  attached  to  a  mass  of  Favosites,  and  occupied  a 
surface  about  an  inch  in  diameter.  It  consisted  of  an  aggregate  of  nearly  horizontal  or  inclined  tubes, 
forming  what  might  be  considered  as  the  base,  or  commencement  of  a  group  similar  to  that  figured  by 
M.  Goldfuss  (loc.  cit.  supra). 

Locality  and  Formation.— Isle  of  Dago.    Upper  Silurian. 

Stromatopora  conccntrica.  Goldfuss. 

Petrefacta  Musei  Univcr.  Bonncnsis,  p.  22.  tab.  8.  fig.  5.  182C. 

Mr.  Murchison's  Silurian  System,  part  ii.  p.  680.  pi.  15.  fig.  31.  1839. 

No  differences  were  observed  between  the  Russian  specimens  of  this  coral,  and  those  found  in  the 
Silurian  formations  of  England.  In  Russia  it  occurs  also  in  considerable  masses,  equalling  many  of  the 
larger  specimens  obtained  in  the  Wenlock  limestone,  one,  from  the  Isle  of  Dago,  measuring  eight  and  a 
half  inches  in  length,  five  in  its  greatest  breadth,  and  three  and  a  half  in  thickness ;  and  another  of  an 
oval  form  from  Pctropavlofsk  on  the  east  flank  of  the  Ural  Chain,  being  about  nine  inches  in  one  diameter, 
and  five  in  the  other. 

It  does  not  appear  to  be  a  common  fossil  in  Gothland,  not  being  mentioned  by  Fougt  in  his  memoir  on 
the  Corals  of  the  Baltic,  or  by  Hisingcr  in  the  Lethoca  Succica ;  the  author  of  these  notes  has  also  seen 
but  one  small  fragment  imbedded  in  a  slab  of  cncrinital  limestone.  It  is  believed  to  occur  in  one  of  the 
Silurian  deposits  of  the  bay  of  Christiania. 

Localitiet  and  Formation*. — Naissi  in  Lithuania;  Gothland;  Isle  of  Dago;  North  of  Petrozavodsk; 
Petropavlofsk.  and  between  N.  and  V.  Turinsk,  east  flank  of  North  Ural ;  Isles  of  Christiania  Bay. 

Fknestilla,  Miller. 

This  genus  was  originally  proposed  by  the  late  author  of  the  work  on  Crinoidea,  but  it  was  first  intro- 
duced into  a  published  notice  on  foasil  corals,  in  the  Appendix  to  Mr.  Murchison's  '  Silurian  System 1 

1  A  second  species  of  Aulopora  (A.  serpnu })  was  found  by  Count  Keyserling  in  the  Devonian  strata  of  Voroneje, 
but  has  not  been  submitted  to  Mr.  Lonsdale. 
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(part  ii.  p.  677.  1839).  Various  polypidoms,  however,  similar  in  structure  with  the  carboniferous  lime- 
stone fossils  to  which  the  name  was  applied  by  Mr.  Miller,  having  been  recently  referred  to  Gorgvniu 
and  Retepora,  and  the  establishment  of  FeneateUa  objected  to ',  it  has  been  deemed  necessary  to  point 
out  briefly  the  characters  by  which  the  latter  genua  is  distinguished  from  the  two  former. 

From  Gorgonia,  whether  limited  according  to  Lamouruux.  Dc  Blainville  and  Ehrenberg,  or  considered 
more  generally,  as  by  I.amarck,  Fcneatella  differs  in  its  principal  component  structures.  It  has  no  con- 
tractile, separable,  pulverulent  crust,  to  which  the  cell  of  the  polype  ia  limited,  nor  has  it  any  rcprescn- 
tative  of  an  internal,  hom-likc  axis,  with  or  without  a  distinct  central  structure.  The  outer  lamina, 
which  in  a  state  of  decomposition  may  be  said  to  resemble,  to  a  certain  extent,  the  crust  of  Gorgonia?. 
consists,  liowever,  in  a  nearly  perfect  condition,  of  an  apparently  solid  substance,  more  or  less  pierced  by 
microscopic  foramina,  but  bearing  no  trace  of  having  been  contractile,  or  largely  composed  of  animal 
matter.  On  the  side  to  which  the  cells  are  confined,  it  is  very  thin,  except  at  the  intervals  where  the 
cells  bend  suddenly  outward*  ;  while  on  the  reverse  aide,  it  was  not  developed  till  the  coral  had  attained 
a  certain  age,  after  which  it  was  gradually  thickened,  and  it  often  attained  considerable  dimensions  in 
the  lower  part  of  the  stem.  In  some  old  specimens,  when  this  reverse  lamina  is  partially  abraded,  and 
the  internal  layer  of  vertical  tubuli  is  exposed,  the  resemblance  to  ordinary,  recent  Gorgoniw  is  con- 
siderable ;  but  a  due  examination  of  all  the  component  parts  will  convince  the  observer  that  there  i.«  no 
generic  identity.  In  the  next  place,  as  respects  the  cells,  the  differences  arc  as  great.  In  Gorgonia;  the 
whole  contractile  crust,  including  the  sides  of  the  polype -cavities,  is  but  a  great  development  of  the 
outer  tunic  of  the  compound  animal ' ;  whereas  in  Fcuestella?,  the  lamina:  composing  the  outer  surface 
and  the  other  walla  of  the  cells,  agree  closely  in  characters  with  the  equivalent  portions  of  true  calca- 
reous cellular  corals,  and  therefore  had  no  intimate  union  or  interblending  with  the  membranes  of  the 
polype  similar  to  that  of  Gorgonia;.  A  careful  consideration  of  these  structures  alone,  will,  it  is  believed, 
satisfy  the  pukcontologist,  that  there  is  not  merely  a  generic,  but  a  much  greater  distinction.  With 
regard  to  the  interior  of  the  coral,  a  perfect  dissimilarity  again  prevails.  Beneath  the  thick  series  of 
obliquely  overlying  cylindrical  cells,  limited  to  one  side  of  the  coral,  there  is  no  axis  formed  of  concen- 
tric bands  variously  composed,  yet  distinct  in  character  from  the  crust,  but  a  parallel  layer  of  vertical, 
capillary  tubes,  the  walls  of  which  differ  not  apparently  from  those  of  the  cells.  In  the  young  state* . 
this  layer  constitutes  the  outer  surface  of  the  non-cellular  aide, — a  character  not  to  be  detected  among 
Gorgonia;,  which  develope,  first,  the  perfectly  surrounding  crust,  and  then  the  fibrous  or  horn-like  axis, 
'flic  outer  layer  of  the  reverse  side  differs  not,  as  before  stated,  essentially  from  the  other  solid  portion!-, 
and  was  clearly  formed  by  secretions  from  vessels  connected  with  the  polype  by  means  of  foramina  or 
tubuli,  in  the  same  manner  as  in  many  cellular  or  tubular  corals  ;  and  it  cannot  be  regarded,  like  the 
crust  in  Gorgonia*,  as  the  product  of  an  investing  animal  substance. 

The  characters  thus  imperfectly  suggested  for  consideration,  will,  it  ia  hoped,  when  better  elucidated 
by  accomplished  palaeontologists,  lead  to  a  right  understanding  of  the  corals  assigned  to  Mr.  Miller's 
genus,  and  remove  ever)-  doubt  respecting  their  not  being  "  corticiferouspolypidoma."  Had  that  author 
lived  and  published  the  intended  work,  the  nature  of  these  fossils  would  not  have  been  misunderstood  by 
any  observer. 

Between  Fcncstella  and  Ketepora  the  agreement  is  much  greater  than  in  the  preceding  case.  In  both 
genera  the  polype  cells  are  limited  to  one  side,  and  the  reverse  surface  is  formed  as  well  aa  thickened  by 


1  Description  Anim.  Foss.  Terr.  Houiller,  fcc.  dc  laBclpquc,  p.  3,  1842. 

8  See  Dr.  Milne  Edwards*  remarks  on  "  Potypiers  Corticireres."  2nd  edit.  Lamarck,  Anim.  sans  Vert.  ii.  p.  464 
«■!«*».  1836. 
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secretions  from  the  animal  through  foramina  in  the  first  instance,  and  horizontal  channels  subsequently  : 
but  in  true  Retepone  the  intermediate  layer  of  vertical  capillary  tubes  is  totally  wanting,  the  corals  pos- 
sessing that  structure,  and  formerly  included  in  the  genus,  having  been  removed  from  it  by  Lamouroux 
and  other  authorities.  Among  the  minor  distinctions  may  be  noticed,  the  oblique  arrangement  of  the 
cells  in  Fenestella,  whereby  they  in  part  overlie  each  other,  and  are  more  or  less  suddenly  bent  towards 
the  oral  termination  ;  also  the  tendency  to  a  cylindrical  form  and  vertically  lineal  arrangement.  If  the 
meshes  in  Retepora  generally  can  be  regarded  as  the  result  only  of  oblique  unions  of  branches,  then  the 
transverse  processes  in  Fenestella,  whether  cellular  or  not,  may  likewise  be  considered  as  a  generic  di- 
stinction. A  central  dividing  ridge,  or  the  sculpturing  exhibited  on  the  cellular  surface  of  some  species 
of  Fenestella  cannot  alone  be  regarded  as  an  essential  character,  though  no  analogous  structure  appears 
to  have  been  noticed  in  Kctcpone,  the  strength  of  the  configurations  depending  generally  upon  the  age 
of  the  specimen  or  of  the  part  preserved,  and  the  very  existence  being  not  uufrcqucntly  concealed  by 
external  thickenings.  There  are  other  details  which  the  practised  eye  will  detect  and  dwell  upon,  and 
render  available  in  the  aggregate ;  hut  it  is  hoped  that  sufficient  have  been  indicated  to  prevent  the  most 
inexperienced  palaeontologist  from  assigning  to  Kctepora  such  polypidoms  as  those  under  consideration, 
because  thev  exhibit,  at  first  sight,  a  certain  amount  of  resemblance. 

Between  Fenestella  and  Horncra  the  agreement  in  some  respects  again  is  greater  than  in  either  of  the 
preceding  instances,  but  there  are  important  essential  differences.    In  Hornera  there  exists  each  of  the 
three  great  structural  characters  already  shown  to  belong  to  Fenestella,  namely,  a  polypiferous  surface, 
an  intermediate  layer  of  capillary  tubes,  and  a  reverse  outer  crust  produced  at  a  certain  period  of  deve- 
lopment, and  thickened  by  secretions  from  the  animal.    In  the  cylindrical  or  slightly  polygonal  form  of 
the  polype  cavity,  as  well  as  in  the  oblique  overlying  position,  there  are  also  certain  but  limited  agree- 
ments, the  cavity  being  of  very  limited  extent  in  Fenestella.    Homers,  however,  ha*  been  shown  by 
Dr.  Milne  Edwards  to  belong  to  the  family  of  Tubuliporida;  (Recherches  sur  let  Polypes,  Mem.  sur  les 
Crisies,  Ac),  and  it  never  exhibits  the  structures  about  to  be  noticed.    In  many  published  figures,  a  row 
of  relatively  large  foramina  arc  delineated  ranging  down  the  central  ridge  (where  it  exists) ;  and  they  have 
been  found  to  prevail  in  species  possessing  such  divisional  lines,  whether  one  or  more  in  number,  but 
under  different  appearances,  the  foramina  being  sometimes  near  each  other,  sometimes  at  considerable 
distances,  and  generally  in  a  straight  row,  though  in  one  instance  they  were  found  to  be  arranged  alter- 
nately or  in  zigzag.   Occasionally  they  are  entirely  wanting.  When  the  coral  iUelf  is  not  preserved,  and 
the  specimen  exhibits  only  a  cast  of  the  surface,  a  conical  indentation  usually  represents  the  foramen  ; 
and  the  difference  is  conjectured  to  arise  from  the  outer  covering  of  the  opening  having  been  destroyed 
where  the  coral  is  in  part  preserved,  but  impressed  in  a  perfect  condition  where  the  cast  only  ia  exhibited. 
In  the  cast  of  a  fine  large  coral  which  exhibited  all  the  structural  characters  of  Fencstclhc,  but  in  which 
the  polype-residences  were  disposed  in  quincunx  without  any  divisional  ridges,  there  were  no  lineally  dis- 
posed foramina  or  indentations ;  but  over  or  a  little  on  one  side  of  many  of  the  oral  apertures,  were 
minute,  semi-spherical  convex  casts,  and  in  a  few  instances  a  corresponding  concave  impression.  Re- 
specting tbe  true  nature  of  these  foramina  or  the  chambers  connected  with  them,  no  opinion  is  hazarded  . 
but  it  is  believed  that  they  are  strictly  analogous  to  the  rows  of  aperture*  in  the  Lunulite*.  which  have 
t lie  cells  arranged  in  parallel  lines,  and  that  the  acmi-spherical  cavities  in  the  specimen  last  alluded  to 
may  be  considered  identical  in  nature  with  the  shallow  cavities  of  frequent  occurrence  over  the  mouths 
in  those  species  of  Lunulites  which  have  the  cells  dispoted  in  quincunx.    Beyond  this  companion,  and 
the  inference  that  Fenestella  should  be  considered  as  belonging  to  the  same  family  of  polypidoms  as 
Lunulites,  and  therefore  not  to  the  Tubuliporidse,  the  author  does  not  feel  qualified  at  present  to  offer  any 
remark*. 
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How  far  a  perfect  examination  of  the  numerous  fossils  which  hare  been  considered  referable  to  ] 
tella  may  suggest  the  necessity  of  forming  subgenera,  the  describer  cannot  offer  an  opinion,  many  of  the 
published  species  not  having  been  accompanied  by  detailed  illustrations ;  but  he  would  suggest  for  the 
>  of  the  paleontologists,  who  may  pursue  the  inquiry,  the  following  generic  characters  for 


A  ramose,  cellular,  calcareous  polypidom;  cells  variously  distributed  on  one  side  of  the  branches,  with  or 
without  dividing  ridges:  branches  connected  by  transverse  or  oblique  processes,  cellular  or  not,  forming  gene- 
rally expansions  or  funnel-shaped  bodies ;  the  latter  with  the  cellular  surface  sometimes  on  the  inner,  tome- 
timet  on  the  outer  side;  cells  cylindrical,  obliquely  arranged,  overlying,  mouths  inclined  outwards,  more  or  less 
distant ;  interior  of  mature  specimens,  a  layer  of  vertical  capillary  tubuli ;  reverse  side  of  young  specimens, 
the  layer  of  tubuli— of  mature  specimens,  a  crust  perforated  by  minute  pores ;  in  aged  specimens  both  cellular 
and  reverse  surfaces  greatly  thickened,  all  external  ribs  or  sculpturing  obliterated,  and  oral  apertures  more 
or  less  contracted  ;  a  rote  of  foramina  or  chambers  between  the  parallely  disposed  cells,  or  a  small  shallow 
cavity  over  the  mouth  in  species  with  cells  in  quincunx. 

In  the  tabular  list  of  Permian  fossils  given  in  page  255,  eight  species  of  Fenestella  arc  included ;  but 
only  Fen.  infundibuliformis  and  Fen.  retiformis  claim  particular  attention.  Fen.  antiqua  and  Fen.?  dubia 
being  included  in  the  list  on  the  authority  of  Schlothcim,  and  the  other  four  species.  Fen.  anceps,  Fen. 
jivfiracca,  pen.  ramosa  aiiu  rcn.  nryw/arni,  not  ruuing  uecti  uiscovcrca  in  iiussia.  ror  an  opportunity 
of  examining  a  fine  series  of  English  and  continental  specimens,  the  author  is  indebted  to  Mr.  King, 
Curator  of  the  Museum  of  the  Natural  History  Society  of  Northumberland  and  Durham ;  and  under- 
standing that  that  gentleman  purposes  to  publish  a  monograph  of  British  magnesia*  limestone  fossils,  he 
feels  it  is  totally  unnecessary  for  him  to  offer  any  remarks  on  the  English  species,  further  than  hia  belief 
that  they  possess  all  the  essential  structures  of  Fenestella?.  With  respect  to  Fen.  anceps,  which  exhibits 
a  peculiar  mode  of  growth,  he  conceives  that,  unless  this  character  be  accompanied  by  other  more  im- 
s,  it  should  not  be  regarded  as  the  grounds  for  a  generic  i 


Fenestella  infundibuliformis. 

Irregularly  bifurcated;  branches  compressed,  broad;  rows  of  cells  exceeding  two,  alternate;  capillary  tubuli 
distinct ;  no  external  layer  exhibited  on  the  reverse  side. 
Gorgonia  infundibuliformis,  Goldfusa,  Petrcfacta.  p.  98.  pi.  36.  fig.  2  a  (Ural) ;  De  Blainville,  Man. 
d'Actinol.  p.  506. 

The  principal  fragment  of  the  coral  assigned  to  this  species  scarcely  exceeded  three  lines  in  height  and 
width,  but  it  agreed  perfectly,  so  far  as  it  could  be  compared,  with  the  Ural  fossil  figured  by  Goldfuss. 
Under  the  same  name  that  authority  has  also  included  the  Escharites  retiformis  of  Schlotheim  from  the 
Zechstcin  of  Thuringia,  and  another  polypidom  from  the  older  paleozoic  rocks  of  Wiipperfurt.  Con- 
fining, however,  the  attention  to  the  Permian  or  zechstein  corals,  a  comparison  of  figure  2  a  in  plate  3G  of 
the  •  Petrefacta,'  and  the  Russian  specimen  collected  by  Mr.  Murchison  with  figures  2  4.  2  c,  proved  a 
perfect  want  of  agreement  in  the  form  and  arrangement  of  the  branches  as  well  as  of  the  cellular  open- 
ings, especially  as  the  Russian  specimen  was  evidently  not  aged.  It  was  therefore  conaidercd  right  to 
adopt  M.  de  BlainriUe's  limitation  of  the  apecific  name  infundibuliformis  to  the  Russian  fossil  (loc.  cit.). 
and  to  retain  M.  Schlothcim's  retiformis  for  Fenestella,  agreeing  in  character  with  the  zechstein  polypi- 
dom of  Thuringia.   The  imperfect  condition  of  the  specimen  did  not  permit  any  structural  details  to  be 

Locality  and  Formation. — llchegulova,  in  the  Government  of  Orenburg.  Permian. 
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Fenestella  retiformis  f 

Funnel-shaped  or  foliaceous ;  branches  Minder,  approximate,  bifurcated;  celh  small,  bi-tri.»erial,  rotes  sepa- 
rated by  narrow,  irregularly  tubercled  ridge*  ;  transverse  processes  short,  occasionally  cellular ;  reverse 
side,  outer  surface  smooth. 

In  the  list  of  synonym?  in  the  Table,  p.  2.15,  the  references  to  Goldfuss  arc  limited  for  the  reasons 
stated  in  the  notice  on  Fen.  infundibuliformis  ,  and  of  the  identifications  given  by  Geinitz  in  the  4  Gsta 
von  Sachscn.'  p.  98,  it  is  considered  thut  Retepora  (Fen.)  Jlustracea  should  be  omitted,  the  English  fossil 
differing  from  Fenestella  retiformis,  as  figured  by  Goldfuss  (Pctref.  Gorg.  infundibuliformis,  pi.  36.  fig.  2. 
4.  c),  in  the  extreme  sleuderness  of  the  branches,  and  the  absence  of  the  persistent,  closely-set  row  of 
cellular  mouths,  or  possibly  abraded  vesicles,  along  the  middle  ridge.  The  reference  to  Ehrcnberg.  also 
given  by  Geinitz,  should  be  equally  omitted,  as  the  fossil  is  not  a  corticifcrous  coral ;  but  it  must  be  ob- 
served that  Ehrenberg  himself  expresses  doubts  respecting  the  true  nature  of  Goldfuas's  Gorgonia  infundi- 
buliformis. (Beitrage,  &c,  p.  140,  1834.) 

The  Russian  specimen  assigned  doubtfully  in  this  notice  to  Fen.  retiformis  had  not  been  examined  by 
the  describer  when  the  tabic  of  Permian  fossils  was  prepared.  It  agreed  with  M.  Goldfuss's  figure  26. 
plate  3G.  in  the  foliaccous  mode  of  growth,  in  the  branches  ranging  parallelly  and  almost  close  together, 
in  the  angular  form  of  the  celluliferous  surface,  and  in  the  prominence  of  the  lateral  rows  of  mouths. 
Along  the  cast  of  the  dividing  ridge  there  was  alto  a  row  of  indentations,  answering  to  the  middle  series 
of  openings  in  figure  2  c  of  Goldfuss  ;  but  they  differed  from  the  cast*  of  the  lateral  rows  of  mouths  in 
being  conical  pits  and  not  annular  impressions.  No  bifurcations  are  given  in  the  figure  last  referred  to, 
but  in  the  Russian  fossil  they  were  numerous,  and  were  preceded  for  a  little  distance  by  an  interpolated 
row  of  cells,  the  three  series  being  separated  by  two  lines  with  conical  impressions. 

Locality  and  Formation. — Kniaspavlova,  near  Arzamas.  Permian. 

The  two  following  species  are  from  the  Carboniferous  system. 

Fenestella  Veneris  ? 

Foliaceous ;  branches  slender,  straight,  distantly  bifurcated;  no  increased  width  at  the  bifurcations ;  trans- 

Retepora  Veneris,  Fischer  de  Waldheim  ?  Oryc.  du  Gouvcrn.  dc  Moecou,  p.  165.  pi.  39.  fig. J. 

The  specimen  from  which  the  above  defective  characters  were  obtained  agreed  perfectly  with  M.  Fis- 
cher's description  and  figures,  but  the  siliceous  mode  of  preservation,  and  the  non-cellular  surface  only 
being  exposed,  nothing  respecting  the  internal  structure  or  the  arrangement  of  the  mouths  could  be 
ascertained.    It  was  nevertheless  considered  correct  to  remove  the  fossil  from  the  genus  Retepora. 

Foliaceous;  branches  flat,  very  broad  previous  to  bifurcation,  in  general  unequally  narrow  immediately  subse- 
quent ;  meshes  oval ;  cells  2-5  roir*.  alternate ;  transverse  processes  rarely  cellular ;  vertical  tubuli  of 
intermediate  layer  relatively  large ;  reverse  side,  outer  crust  thick,  smooth,  minutely  foraminated,  / 
Retepora  Martis,  Fischer  de  Waldheim  ?  Op.  cit.,  p.  165.  pi.  39.  fig.  2  (Serpukhof ). 
The  specimen  under  consideration  agreed,  so  far  as  it  could  be  compared,  with  M.  Fischer's  coral,  but 
as  a  complete  structural  identity  could  not  be  made,  it  was  deemed  advisable  to  regard  the  specific  deter- 
ruination  as  doubtful. 

The  specimen  was  slightly  curved,  about  one  inch  and  a  quarter  in  height  and  breadth,  the  branches 
diverging  as  from  a  centre,  and  not  from  a  funnel-shaped  base ;  and  it  was  imbedded  with  the  cellular 
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tide  downwards  in  a  hard  crystalline  matrix  which  did  not  admit  of  mechanical  removal.  The  exposed 
surface  consisted  chiefly  of  the  dorsal  terminations  of  the  cells,  with  patches  of  the  tubular  layer  and  a 
few  fragments  of  the  outer  crust.  The  extremities  of  the  cells  occupied  the  whole  width  and  length  of 
the  branches,  and  they  varied  slightly  in  size,  but  bore  no  resemblance  to  the  terminations  of  true  tubular 
polypidoms.  The  bifurcations  were  very  irregular  in  position,  being  sometimes  near  together,  but  some- 
times separated  by  considerable  intervals ;  and  the  inequalities  in  the  subdivided  branches  for  a  short 
distance  were  often  very  marked.  The  tubular  layer  was  thin,  but  the  outer  crust  had  relatively  a  great 
thickness,  modifying  the  form  and  size  of  the  meshes.  The  perfect  characters  of  the  cellular  surface  could 
not  be  ascertained.  % 

Locality  and  Formation. — Goradof  ka,  in  the  coal,  region  of  the  Donctz.  Upper  carboniferous  limestone 
with  Fusulina?  and  coal.  Sec  p.  97,  and  PI.  I.  f.  2. 

Anthophyllum  f  incnalans. 

Intrusting;  tubes  lamelliferous?  short,  more  or  less  conical,  not  in  contact,  interspaces  occupied  by  variously 
arranged  lamina-. 

Calamopora  intrusions,  Phillips?  Illustrations,  Geol.  Yorkshire,  part  ii.  p.  200.  pi.  1.  figs.  63,  64. 

In  the  Table  of  Permian  fossils  (p.  253)  the  generic  determination  of  this  coral  is  given  doubtfully,  and 
it  must  be  considered  as  quite  provisional,  the  only  specimen  which  the  describer  has  seen  being  imper- 
fectly preserved.  He  has,  nevertheless,  deemed  himself  warranted  not  to  consider  it  a  Favosites  (Cala- 
mopora) on  account  of  the  laminated  interspaces  between  the  tubes ;  and  it  was  this  structure  which 
induced  him  to  assign  the  fossil  to  Anthophyllum  as  restricted  by  Ehrenberg. 

The  tubes  were  generally  narrow  at  their  lower  extremity  and  widened  very  gradually.  The  greatest 
ascertained  length  was  one  line,  and  breadth  at  the  upper  end  half  a  line.  They  were  often  much  in- 
clined for  a  third  of  their  range,  and  were  seldom  wholly  vertical.  Traces  of  lamella  were  noticed,  but 
they  were  very  indistinct.  Around  the  best-preserved  mouths  was  a  marginal  swelling,  indicative,  pro- 
bably, of  the  semi-globular  protuberances  represented  in  Mr.  Phillips's  magnified  figure  of  Cal.  incrustans 
(Op.  cit.,  pi.  1.  fig  64).  The  interlobular  structure,  as  exposed  in  a  side  section,  consisted  of  transverse 
fine  lamina-  (see  also  fig.  64),  and  on  the  upper  surface  of  similar  plates,  but  arranged  vertically,  and  more 
or  less  reticulated.    No  distinct  rows  of  foramina  were  noticed  on  the  sides  of  the  tubes. 

Locality  and  Formation.— Ust-Vaga,  i.  e.  dfbouchire  of  the  Vaga  into  the  Dwina.  Permian. 

Stenopora'. 

Under  this  generic  name  it  has  been  proposed  to  include  certain  corals  composed  of  elongated  tubes, 
and  which  exhibit  at  one  period  of  development  the  peculiarity  of  a  perfectly  closed  mouth,  it  is  be- 
lieved that  many  palaeozoic  polypidoms  which  have  been  assigned  to  the  genera  Ceriopora  and  Millepora 
will  be  found  to  be  referable  to  it. 

In  a  recent  notice  on  some  Australian  comls,  the  following  generic  characters  were  given : — 
"A  ramo$e,  spherical  or  amorphous  tubular  polypidom  ;  tubes  polygonal  or  cylindrical,  radiated  from  a  centre 
or  an  imaginary  axis,  contracted  at  irregular  distances,  but  in  planes  parallel  to  the  turf  ace  of  the  specimen  . 
tubular  mouths  closed  at  final  period  of  growth ;  ridges  bounding  the  mouths,  granulated  or  luberculaled ; 
additional  tubes  interpolated'." 


'  In  the  Table,  p.  255,  the  generic  name  Tubuliclidia  appears,  but  it  having  been  considered  objectionable.  Ste- 
nopora  has  been  substituted  for  it. 
»  Physical  Description  of  New  South  Wales,  kc,  by  P.  E.  Strzeleclri,  p.  262.  16*5. 
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Ramose;  branches  cylindrical,  slender;  tubes  divergent,  inclination  variable,  in  close  contact  slightly  poly- 
gonal or  circular;  mouths,  when  open,  round  or  oval,  with  sharp  boundary  ridges;  when  partially  or 
wholly  closed,  ridges  thick ;  bold,  spinous  projections,  irregularly  situated.    (Plate  A.  fig.  11.) 
The  finest  specimen  of  this  coral  which  was  examined,  consisted  of  a  mass  of  fragments  five  inches  in 
length,  two  and  a  half  in  breadth,  and  about  one  and  a  quarter  in  thickness.   The  diameter  of  the  fall- 
grown  branches  rarely  exceeded  a  line,  but  they  sometimes  swelled  suddenly  and  then  contracted.  The 
tubes  in  general  diverged  slightly,  and  the  openings  were  in  consequence  for  the  greater  part  oblique  to 
the  surface  and  oval.    No  contractions  previous  to  those  connected  with  the  final  closing  of  the  oral 
apertures  were  noticed. 

Localities  and  Formation. — In  addition  to  the  Permian  localities  given  in  p.  255,  may  be  mentioned 
Sakraarka,  west  flank  of  the  South  Ural.    Permian  limestone. 

Stenopora  crassa,  sp.  n. 

Ramose ;  branches  thick,  divergent ;  tubes  long,  slightly  inclined  and  polygonal  in  the  oris  of  the  branches ; 
towards  the  periphery,  suddenly  bent  outwards;  contractions  occasionally  visible  in  the  bent  portion*; 
outer  surface  imperfect.    (Plate  A.  fig.  12.) 

This  species  was  distinguished  from  the  preceding  by  the  branches  attaining  in  one  portion  of  the  spe- 
cimen three  quarters  of  an  inch  in  diameter,  and  an  altitude  exceeding  three  inches.  The  tubes  were 
slender,  not  exceeding  the  fourth  of  a  line  in  diameter ;  but  they  were  sometimes  three  lines  in  length 
before  they  inclined  outwards,  and  two  afterwards  in  the  bent  portion,  or  five  lines  in  all.  Proofs  of 
contractions  within  the  tubes  were  detected  in  many  places  near  the  circumference  of  the  branch,  but 
they  were  not  so  developed,  on  account,  possibly,  of  the  state  of  the  specimen,  as  to  exhibit  the  decided 
lineal  range  exhibited  by  some  Australian  species  (Op.  cit.,  pi.  8).  The  outer  surface  was  abraded,  and 
the  characters  of  the  mouths  or  dividing  ridges  could  not,  consequently,  be  ascertained  previously  to  the 
final  narrowing  of  the  oral  aperture  or  after  its  completion. 

Locality  and  Formation.— Ust-Vaga  (junction  of  the  river  Vaga  with  the  Dwiua).  Permian. 


DESCRIPTION  OF  PLATE  A. 

PALAEOZOIC  CORALS  OF  RUSSIA. 

Fig.  1.  Columnaria  sulcata. — 1,  exhibits  the  general  mode  of  grouping  and  interpolating  additional  co- 
lumns, natural  size ;  1  a,  portion  magnified  to  show  the  straight  divisional  line  between  the  columns; 
also  the  characters  of  young  columns ;  1  4,  1  <•,  a  terminal  cup,  natural  size  and  magnified,  p.  601 . 

Fig.  2.  Stylastrea  inconferta. — 2,  represents  the  vertical  mode  of  growth,  and  the  tendency  of  the  columns 
to  separate  along  the  outer  surface  of  the  walls  ;  also  a  perpendicular  internal  section,  natural  size , 
2  o,  exhibits  the  bi. plated  structure  of  the  lamella?,  and  the  plumose  markings  on  the  inner  surface 
of  the  plates  ,  2  b,  gives  the  commencement  or  base  of  a  young  column  springing  from  within  the 
area  of  an  old  one,  and  at  the  point  where  the  separation  in  the  outer  walls  took  place,  natural  size  -, 
2  c,  another  instance  of  a  young  column  by  the  side  of  an  older  (*  *),  the  crest  springing  from  the 
undivided  wall,  indicating  the  line  of  separation,  natural  size.  (p.  621 .) 
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polished  section ;  3  a,  the  side  section  magnified  to  show  the  arrangement  of  the  transverse  plait? 
and  the  existence  of  foramina,  (p.  611.) 
Fig.  4.  Diphyphyllum  concinnum. — 4,  general  characters  of  an  undivided  stem,  natural  size;  4a,  exterior 
of  a  divided  stem,  natural  size ;  4  A,  interior  of  a  divided  stem  to  show  the  perfect  bi-partition  of  the 
central  structure  and  the  uninterrupted  continuation  of  the  outer  vesicular  band  or  zone,  natural 
size ;  4  c.  magnified  portion  of  the  interior  to  exhibit  the  analogy  with  the  centre  of  Cyathophyllum. 
(p.  624.) 

Fig.  5.  LUhodendron  annulatum. — 5,  group  of  stems  to  show  the  mode  of  occasional  union,  natural  size ; 

5  a,  vertical  section  to  explain  the  nature  of  the  central  plates,  (p.  599.) 

Fig.  6.  Caninia  Ibicina. — 6,  illustrates  the  characters  of  the  lower  portion  of  a  stem,  natural  size ;  to  the 
left  of  the  upper  part  the  outer  or  vesicular  zone  is  in  contact  with  fragments  of  the  lamelliferous 
zone ;  a  little  lower  the  vesicular  zone  is  greatly  diminished,  and  near  the  bottom  the  figure  shows 
correctly  that  the  structure  of  the  coral  was  there  limited  to  the  lamelliferous  zone,  and  the  central 
area  composed  of  transverse  diaphragms ;  the  siphon-folds  were  not  noticed  in  this  specimen;  6  a, 

6  b,  fragment  of  also  a  lower  or  bi-arcal  portion,  but  with  the  siphon  folds  preserved,  natural  size, 
and  magnified ;  6  c,  a  bascal  termination,  consisting  of  lamella:  in  nearly  close  contact,  with  faint 
indications  of  a  central  structure,  natural  size ;  6  d,  portion  of  upper  part  of  6  c  magnified  to  exhibit 
the  siphon  and  concentric  lamina,  (p.  617.) 

Fig.  7.  Tryplatma  tquabitis. — 7,  gives,  under  various  conditions,  the  vertical  rows  of  foramina  which 
perforated  the  lamelhe,  natural  size  |  7  a,  an  oblique  transverse  section,  showing  near  the  outer  walls 
foramina  in  the  substance  of  the  lamella!,  and  towards  the  centre  rows  of  dctachtd  circles,  indicating, 
it  is  believed,  that  the  foramina  terminated  on  the  edge  of  the  lamellae  in  tubuli.  natural  size. 

Fig.  8.  Tryplarma  articuiata.—Thii  coral,  believed  to  be  the  Cyathophyllum  articulatum  of  U,  Hisingcr, 
a  Gothland  fossil  (Lethaa  Suecica,  pi.  29.  fig.  4),  is  given  to  prove,  that  the  peculiar  characters  ex- 
hibited by  Tryplatma  tequabiiit  occur  in  another  coral  with  a  sufficient  amount  of  differential  structure 
to  warrant  the  establishing  of  a  second  species,  and  therefore  the  proposing  of  the  sub-genus. 
Fig.  8  illustrates  the  general  structure  shown  by  a  vertical  section  of  the  natural  size,  and  8  a  gives 
a  magnified  view  of  the  foramina ;  8  b,  8  c,  exhibit,  in  the  natural  size  and  magnified,  superior  termi- 
nations of  the  columns,  with  tubular  projections  along  the  edges  of  the  lamellae. 

Fig.  9.  Chetttet  radian*.— la  fig.  9  the  parallel,  curved  lines  mark  the  position  and  range  of  the  band* 
of  diaphragms ;  9  a,  is  given  to  illustrate  the  production  of  additional  columns  by  vertical  plate* 
developed  within  the  area  of  pre-existing  columns ;  the  figure  exhibits  accurately  the  characters  of 
the  plates  in  transverse  and  perpendicular  sections ;  it  shows  also  the  nature  of  the  diaphragms. 

Fig.  10.  Cheteta  PetropoUtamu. — Fig.  10  gives  the  general  but  irregular  distribution  of  the  diaphragms 
over  the  whole  surface,  and  not  limited  to  bands  as  in  Chetete*  radiant,  magnified ;  10  a,  portion  of 
a  large  globular  specimen  in  which  the  diaphragms  occurred  throughout  the  vertical  section  in  the 
manner  exhibited,  natural  size. 

Fig.  1 1 .  Strnopora  tpinigera. — Magnified  figure,  with  mouths  more  or  less  closed. 

Fig.  12.  Stenopora  eratta.— 12,  general  characters  of  the  coral;  12a,  contracted  tubes  magnified. 

Fig.  13.  Strtmbodtt. — A  transverse  section  for  comparison  with  the  English  carboniferous  species. 
The  Plate  was  lithographed  by  Mr.  J.  de  Carle  Sowerby  with  his  habitual  attention  to  truthfulness  of 
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B. 

An  Account  of  the  Microscopic  Structure  of  certain  Fossil  Teeth  from  the  environs  of  Riga,  by 
which  they  are  determined  to  belong  to  the  genus  Dendrodus  of  Sauroid  Fishes.  By- 
Professor  Owen. 

The  teeth,  of  which  the  following  is  an  account  of  the  microscopic  structure,  were  procured  by  Mr. 
Murchison  from  M.  Pander,  who  collected  them  in  the  environs  of  Riga,  and  were  submitted  to  me  for 
examination  with  a  view  more  especially  to  determine  whether  they  appertained  to  the  class  of  Reptiles 
or  to  that  of  Fishes. 

By  some  of  the  palaeontologists  of  Russia  these  fossd  teeth  had  been  referred  to  the  Saurian  order,  and 
they  bear,  in  fact,  a  close  external  resemblance  to  the  teeth  of  crocodiles ;  but  the  absence  of  any  definite 
proof  of  the  existence  of  air-breathing  VerUbrata  anterior  to  the  deposition  of  the  magnesian  limestone  or 
dolomitic  conglomerate  rendered  the  question  of  the  possible  existence  of  Saurian  reptiles  in  the  Old  Red 
Sandstone  of  Livonia  one  of  far  too  high  importance  to  be  left  in  any  degree  questionable,  through  an 
opinion  of  the  nature  of  a  fossil  tooth  founded  solely  upon  an  inspection  of  its  outward  form. 

The  insufficiency  of  this  kind  of  examination  had,  in  fact,  been  made  very  manifest  by  the  results  of  a 
microscopic  investigation  of  the  structure  of  some  fossil  teeth,  transmitted  to  rac  a  short  time  previously 
from  Scotland  by  a  friend  who  Buspected  them  to  belong  to  Saurians.  but  which  were  proved  by  their 
internal  structure  to  be  referable  to  the  class  of  Fishes,  and  to  be  indicative  of  n  new  genus  in  the  Sauroid 
famUy  for  which  I  proposed  the  name  of  Dendrodu*.  Those  teeth  were  obtained  from  the  central  or 
eorastonc  division  of  the  Old  Red  Sandstone  of  Scat-crag.  near  Elgin.  They  are  described,  and  their 
microscopic  structure  illustrated,  in  the  first  number  of  the  Microscopic  Journal1,  and  in  my  '  Odonto- 
graph)'1. 

1  recognised  in  the  fossU  teeth  from  Riga  a  close  external  resemblance  with  those  of  the  Dendrodu* 
from  Scat-crag,  especially  the  Dendr.  biporcatus.  They  presented  the  same  conical,  slightly  compressed, 
subincurved  form,  the  same  subcircular  base  and  obtuse  summit,  the  same  additional  resemblance  to  the 
teeth  of  crocodiles  in  the  two  opposite  ridges  extending  from  near  the  base  to  the  summit  of  the  tooth  | 
but  the  rest  of  the  enamelled  surface  of  the  Russian  teeth  bore  a  greater  resemblance  to  those  of  Saurians 
in  having  fine  elevated  longitudinal  ridges,  in  addition  to  the  linear  impressions  which  were  observable  in 
the  Dendr.  biporcattu. 

Fortunately,  however,  the  difference  between  the  internal  structure  of  the  teeth  of  true  Saurians  and 
of  the  teeth  of  Sauroid  fishes  is  well-marked  and  easily  recognisable.  In  the  Crocodiles,  recent  and  fossil, 
as  well  as  in  the  Enaliosauria.  the  dentine  or  principal  substance  forming  the  body  of  the  tooth  consist* 
of  an  uniform  system  of  dentinal  or  cnlcigcrous  tubes,  radiating  from  a  slender  central  pulp-cavity  to  the 
periphery  of  the  tooth,  without  any  intermixture  of  vascular  canals.  In  the  Dendrodus  there  is  a  wide 
pulp-cavity,  subdivided  into  irregular  longitudinal  canals  or  sinuses,  from  which  a  scries  of  vascular  canals 
radiate  to  the  periphery  of  the  tooth,  sending  off  branches  at  right  angles  throughout  their  entire  course, 
whilst  the  dentinal  tuhuli  are  continued  from  the  slightly  expanded  terminations  of  these  branches,  and 
from  the  peripheral  terminations  of  the  radiating  trunks.  This  high  organization,  arising  out  of  the  ex- 
tensive distribution  of  the  vascular  system  through  the  body  of  the  tooth,  does  not  exist  in  any  Saurian 
reptile ;  the  dental  structure  bearing  the  closest  analogy  to  it,  in  the  class  of  ReptUia,  being  that  highly 
peculiar  one  which  characterizes  the  teeth  of  the  gigantic  Labyrinthodont  Batrachians.    The  difference, 

1  8vo,  1841.  p.  4.  'Part  u.  p.  171,  plates  63  A.  Oi  B. 
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however,  between  this  labyrinthic  structure  and  that  of  the  teeth  of  the  Dendrodu*  it  easily  discerned,  and 
1  had  the  satisfaction  to  perceive  in  the  microscopic  sections  of  the  Russian  teeth  all  the  characteristics 
of  the  teeth  of  the  Dendradu*. 

The  longitudinal  section  in  the  opposite  Plate,  fig.  2,  shows  the  entire  body  of  the  tooth,  permeated  by 
the  vascular  canals,  ramifying  with  apparent  irregularity,  and  anastomosing  by  their  peripheral  branches 
in  fine  loops.  The  characteristic  disposition  of  the  vascular  canals  or  sinuses  is  shown  in  the  magnified 
view  of  the  quadrant  of  the  circular  transverse  slice,  at  fig.  3. 

The  pulp-cavity,  o,  a,  bas  been  converted  by  a  coarse  kind  of  ossification  into  an  irregular  group  of 
large  medullary  canals  of  a  less  cylindrical  figure  than  in  the  Dndrodus  biporcatu*  :  these  canals  or  pro- 
cesses of  the  pulp-cavity  are  connected  together  by  a  network  less  close  and  complex  than  in  the  Dendr. 
biporcatu*.  From  the  circumference  of  the  central  network  finer  medullary  canals,  or  vertical  sinuses, 
radiate  at  pretty  regular  intervals  to  the  periphery  of  the  tooth.  Most  of  these  canals  divide  once,  and 
some  twice  in  their  course ;  the  bifurcation  taking  place  commonly  near  the  periphery  of  the  tooth,  the 
branches  slightly  diverging.  From  each  ray  and  its  primary  bifurcations  short  branches  are  given  off  at 
brief  intervals,  generally  at  right  angles  with  the  trunk,  or  slightly  inclined  towards  the  periphery  of  the 
tooth  ;  these  primary  branches  more  seldom  subdivide  than  in  the  Dendr.  biporcatu*,  but  terminate,  as  in 
the  teeth  of  that  species,  by  angular  dilatations  something  like  leaves,  which  resolve  themselves  into 
radiating  fasciculi  of  calcigerous  tubules.  Each  of  these  systems  of  radiating  tubules  constitutes  a  lobe 
of  the  dentine,  which  is  separated  from  the  adjoining  lobes  by  an  extremely  delicate  line,  representing 
the  cemental  constituent  of  the  tooth.  The  lobes  of  dentine  continued  from  the  terminal  dilatations  of 
the  medullary  rays  arc  the  largest  and  most  regular  in  form.  The  extremely  minute  dentinal  tubes  ter- 
minate in  a  linear  scries  of  calcigerous  cells ;  such  lines  being  continued  or  reflected  inwards  from  the 
periphery  of  the  tooth,  and  doubtless  form  the  remains  of  processes  of  the  capsule  of  the  tooth-matrix, 
which  inclosed  and,  as  it  were,  defined  the  lobes  of  dentine.  The  inflected  line  of  minute  cells  may  be 
traced  to  near  the  central  reticulate  system  of  large  medullary  canals.  The  external  longitudinal  fine 
grooves  on  the  surface  of  the  tooth  indicate  the  entering  lines  or  fissures  filled  by  the  fine  cellular  cement. 

The  close  analogy,  and  at  the  same  time  the  difference — at  least  specific — between  the  tooth  of  the 
Russian  Dmdrodu*  Murckuoni  (mihi)  and  of  that  from  the  Scotch  Old  Red  Sandstone  will  be  at  once 
seen  by  comparing  figs.  3  and  5  in  the  opposite  Plate. 

Thus,  the  formerly  supposed  organic  evidence  of  the  supra-carboniferous  nature  of  the  sandstones  of 
Livonia  and  Reval  is  completely  negatived  by  the  proof,  that  the  problematical  teeth  are  not  those  of 
reptiles  or  air-breathing  Vertebrata ;  and.  at  the  same  time,  positive  proof  has  been  obtained  that  they 
belong  to  the  same  peculiar  genus  of  extinct  sauroid  fishes  which  has  been  hitherto  only  recognised  as  a 
fossil  of  the  Old  Red  Sandstone. 

The  practical  importance,  independently  of  geological  theory,  of  determining  the  relation*  of  the  red 
sandstone  systems,  in  reference  to  the  beds  of  coal  which  in  many  countries  may  be  sought  for  with 
success  under  the  Newer  Red  Sandstone  and  Zechstcin  (Permian),  but  can  never  be  found  beneath  the 
Old  Red  or  Devonian,  places  the  value  of  the  microscopic  test  of  the  nature  of  fossil  teeth  in  a  striking 
point  of  view ;  for  if  other  proofs  had  not  been  obtained  of  the  age  of  these  deposits  so  extensively 
spread  over  Livonia  and  Northern  Russia,  this  tooth  alone  would  have  decided  the  question. 

R.  Owsn. 

February  20,  1844. 
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Professor  Owen  upon  certain  Saurians  of  the  Permian  Rooks. 

In  referring  to  Professor  Owen  some  bones  and  fragment*  which  lie  brought  from  Russia,  Mr.  Mur- 
chiton  was  informed  by  that  great  authority  in  ostcological  subject!!,  that  he  considered  one  of  them, 
the  Rhopalodon  Mantcllii  (Fischer),  to  be  a  genu*  very  nearly  allied  to  the  thecodont  Saurians  of  the 
dolomitic  conglomerate  of  Bristol  (Thfcodontosaurag  of  Kiley  and  Stutchbury),  and  quite  distinct  from 
the  triataic  genus  Cylindricodon  of  Jiigcr,  which  he  is  disjioeed  to  consider  as  not  very  different  from  the 
I/ylaosaurus  of  Mantcll.  The  bonca  (humeri)  brought  from  Russia  (where  they  also  occur  in  red  grit 
and  conglomerate  near  Mensclintk  and  at  Kargalu,  near  Bielebei  in  the  government  of  Orenburg,  see 
}>.  155)  have  exactly  the  tame  structure  as  those  found  in  the  Bristol  rock.  In  his  last  excursion  to 
Russia  (1844)  Mr.  Murchison  obtained  through  the  kind  attention  of  M.  Worth  a  very  illustrative  cast 
of  a  considerable  portion  of  the  vertebral  column  of  one  of  those  Permian  Saurians,  which  has  been 
alluded  to  by  Major  Wangcnheim  von  Qualen  aud  Dr.  Kutorga.  (See  Verh.  der  Min.  Geaellt.  zu  St. 
Petersburg.  1844.)    Of  this  specimen  Professor  Owen  thus  speaks  : — 

"  (1.)  The  coloured  cast  is  a  series  of  twelve  costal  and  two  sacral  vertebra;  of  a  reptile;  belonging  to  the 
Crocodilian  division  of  Sauna  by  the  strong,  short,  rib-like  processes  from  the  sides  of  the  two  anchy- 
losed  sacral  vertebrae, — a  modification  not  present  in  Enaliosauria,  but  introduced  in  order  to  give  a  firm 
'  point  d'appui '  to  the  hinder  extremities  of  those  higher  Sauna  which  occasionally  walk  on  dry  land.  The 
articular  ends  of  the  dorsal  vertebrae  are  concealed ;  though,  from  the  appearance  of  their  margins,  I  am 
led  to  think,  that  they  were  not  co-adapted  by  ball-and-socket  joints,  at  in  the  tertiary  and  existing  Cro- 
codiles, but  were  tub-biconcave,  at  in  most  of  the  secondary  species.  The  vertebra  become  shorter  and 
broader  as  they  approach  the  sacrum  than  in  any  modem  and  tertiary  Crocodiles,  or  in  any  of  the 
Wealden  or  Oolitic  Crocodilia  that  I  have  seen ;  and  the  anterior  vertebra;  most  resemble  in  their  com- 
pressed bodies  and  very  strong  transverse  processes  the  vertebra  of  the  I'alirotaurut  figured  in  Messrs. 
Riley  and  Stutchbury'*  memoir  on  the  Saurians  of  the  Bristol  magnesian  conglomerates,  Oeol.  Trans, 
vol.  v.  2nd  series,  pi.  29.  figs.  G  and  7.  They  are  not  identical ;  the  Bristol  specimen  having  a  more  con- 
cave inferior  outline  than  the  Russian  specimen,  so  far  as  I  can  judge  from  the  cast. 

"  (2.)  The  bone,  in  two  pieces,  marked  H.,  is  a  Crocodilian  humerus,  most  resembling,  by  the  breadth 
and  fiattening  of  the  proximal  extremity,  the  thecodont  type  of  that  bone  in  the  Crocodilian  order :  it  is 
shorter  in  proportion  to  its  length,  and  larger  than  that  from  the  Bristol  conglomerate,  referred,  in  the 
memoir  cited  (p.  354.  pi.  30.  figs.  1  and  2).  to  the  Pal*o*auna. 

"  (3.)  The  bone  marked  F.  is  the  distal  end  of  a  femur,  which  by  the  sub-tctrahedral  figure  of  the  shaft- 
portion,  also  manifests  the  thecodont  modification  of  that  bone,  and  pretty  closely  accords  with  the  figures 
of  the  femur  of  the  Palrotaunu  (loc.  cit.  pi.  30.  fig*.  4  and  4  a),  but,  like  the  humerus  from  Russia,  it  is 
somewhat  large. 

"  The  materials  which  you  have  submitted  to  mc  arc  not  quite  enough  for  a  satisfactory  demonstration 
of  the  precise  family  of  Crocodilian  Sauria  to  which  they  belong,  but  they  do  not  agree  with  the  characters 
of  the  same  parts  in  any  Saurian  that  I  am  acquainted  with,  from  the  has  upwards,  and  they  do  agree 
sufficiently  with  the  Bristol  Thecodont  Sauria,  to  render  it  highly  probably  that  the  teeth  of  the  Permian 
Russian  fossil,  when  determined,  will  exhibit  the  same  thecodont  characters." 

College  of  Surgeons,  March  5th,  1845. 
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Account  of  the  Forest  of  Bialavieja,  the  habitat  of  the  wild  Aurochs  or  Zubr.  By  Count  os 
Krasinski.  (In  a  Letter  to  Colonel  Jackson,  Secretary  of  the  Royal  Geographical  Society, 
see  pp.  503,  504.) 

The  forest  of  Bialawieza  (Bialavieja)  i»  situated  in  the  present  government  of  Grodno  in  Lithuania,  and 
extends  between  the  towns  of  Orla,  Shcreshef  and  Prujany,  over  a  surface  of  about  twenty-nine  square 
Polish  or  German  miles  (fifteen  to  a  degree).  It  derives  its  name  from  the  Tillage  of  Bialavieja,  which 
lies  in  the  centre  of  the  forest  on  the  banks  of  the  Narevka,  and  contains  fifty-six  peasants'  cottages,  a 
church  and  an  inn.  Close  to  this  village,  stands  on  a  hill,  a  hunting-lodge,  built  by  King  Augustus  HI., 
and  enlarged  by  bis  successor.  King  Stanislaus  Poniatowski,  but  now  falling  into  ruins.  In  another 
part  of  the  forest  are  the  ruins  of  a  castle  called  Old  Bialavieja.  According  to  the  local  tradition,  it  was 
in  olden  time  the  hunting  station  of  the  sovereigns  of  the  country,  and  derived  its  name,  which  signifies 
the  White  Tower,  from  its  white-washed  walls.  Besides  the  above-mentioned  village,  there  are.  in  the 
same  forest,  two  humlets  called  Tcremiska  and  Pogorzelei :  they  lie  at  a  short  distance  from  each  other, 
and  contain,  each  of  them,  about  twenty  cottages. 

There  arc,  on  the  borders  of  the  forest,  twenty-four  villages,  which  belong  to  the  forest  department 
(Board  of  Woods  and  Forests),  and  from  whose  inhabitants  the  keepers  and  guards  of  the  forest  of  Bia- 
lavieja are  selected.  The  principal  of  these  villages  is  Haioovsk,  formerly  the  residence  of  the  employ C$ 
of  the  forest. 

The  forest  is  divided  into  twelve  districts,  called  Strati,  i.  e.  wards,  namely,  I,  the  ward  of  Augustovsk, 
so  called  from  Augustus,  king  of  Poland,  Elector  of  Saxony ;  2.  Narcvsk ;  3.  Brovsk ;  4,  Hainovsk  ; 
5.  Krukovsk;  6,  Okolnitzk  ;  7,  Lessnkusk;  8.  Starshinsk  ;  9,  Stolpovisk  ;  10,  Svietlitshansk ;  11.  Pod- 
besk;  12.  DsSdovliinsk. 

A  great  number  of  streams  issue  from  the  forest ;  of  these,  the  principal  arc  the  river  Narev,  into 
which  the  greater  part  of  the  other  rivulets  empty  themselves,  and  the  Leana,  a  tributary  of  the  Bug  that 
formerly  marked  the  limit  between  Poland  and  Lithuania. 

The  forest  belonged  to  the  demesnes  of  the  royal  household,  and  was  exclusively  reserved  for  the  royal 
sports.  It  was  on  that  account  preserved  from  the  clearings  whereby  so  many  forests  were  destroyed 
and  converted  into  arable  land.  It  remains  therefore  in  the  primitive  state  of  an  American  forest.  It 
contains  a  great  quantity  of  different  kinds  of  wild  animals,  such  as  bears,  wild  boars,  wolves,  foxes,  lynx, 
elk*,  and  roe-bucks,  whilst  many  beavers  arc  found  on  its  rivers ;  but  the  most  remarkable  of  its  inha- 
bitants is  the  aurochs,  or  bison,  called  in  the  Polish  language  Zubr.  It  appears  from  different  records, 
in  which  the  name  of  the  Zubr  is  mentioned,  that  this  animal  was  always  peculiar  to  Lithuania,  but  it  is 
impossible  to  ascertain  whether  it  extended  further  than  the  forest  of  Bialavieja.  The  opinion  that  it 
was  formerly  found  in  other  parts  of  the  country,  among  others  in  the  forests  of  Mazovia,  seems  to  be 
erroneous,  and  to  have  arisen  from  a  confusion  of  the  Tur  with  the  Zubr.  The  Tur.  which  is  constantly 
mentioned  in  the  old  national  songs  of  all  the  Slavonic  countries,  was,  according  to  the  description  of  con- 
temporary writers,  a  wild  ox,  probably  the  same  as  that  still  preserved  in  England  at  Hamilton,  Chilling- 
ham,  and  Alnwick,  and  entirely  different  from  the  Zubr. 

A  Latin  poem,  entitled  "  De  Bisonte  et  ejus  venatione,"  written  by  a  certain  Hussovianus  for  Pope 
Leo  X..  but  dedicated  after  his  death  to  Bona  Sforza,  Queen  of  Poland,  and  printed  at  Cracow,  1523, 
gives  the  following  description  of  the  Zubr : — 


"  More  fera  Lithuania  longe  Mvissiina  sylvis 
Naacitur,  et  fieri  corpora  tanta  solet. 
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Ut,  minim  !  si  quando  caput  vi  vieta  reclinrt, 

Trea  sedeant  intra  coraua  bina  viri. 
Barba  rigct  late,  pendentibus  horrida  villi* ; 

Lumina,  terrorum  plena,  furore  rubent. 
Terribilesque  jabac  collo  funduntur  in  araios, 

Et  genua,  et  frontem  et  pectoris  ima  tcgunt. 
\  liiosura  lulo  prae  sr  irrx  corpore  caprura, 

Quamvis  effingunt  omnia  membra  bovem." 

Hut$ovianu»  de  Bitunte  el  ejus  vnaliane.    Cracow,  1523. 

This  poem  was  published  at  a  time  when  the  Tur  was  still  found  in  the  forest*  of  Mazovia,  but  it 
distinctly  says  that  the  Zubr  is  a  native  of  Lithuania.  Tin-  biographer  of  Cardinal  Commcndom,  who 
accompanied  this  prelate  in  hi»  journey*  to  Poland,  the  last  of  which  waa  in  1572,  says,  in  hi*  description 
of  Poland,  that  there  are  both  Tur*  and  Zubr*,  that  the  Tur  very  much  resembles  an  ox,  and  that  ita 
flesh  has  almost  the  same  taatc  as  beef.  The  Zubrs  were  already  at  that  time  more  rare  than  the  Turs. 
which  are  now  entirely  extinct. 

The  same  author  given  a  curious  description  of  the  manner  in  which  the  Zubr  was  hunted.  1  had 
from  Mr.  Dallam  a  French  copy  of  this  work,  from  which  I  have  largely  drawn  in  the  first  chapter  of  the 
2nd  vol.  of  the  '  History  of  the  Reformation  in  Poland.'  The  title  is,  as  well  as  1  can  remember,  "  Vic 
du  Cardinal  Commendom,  par  Oratiani,  traduite  en  Francais  (from  Latin,  or  Italian,  I  do  not  remember) 
par  Flcchier."  There  was  in  the  collection  of  the  last  king  of  Poland,  a  volume  of  drawings  represent- 
ing different  subjects  relating  to  the  Council  of  Constance  ;  one  of  them  contained  the  presentation  to 
the  assembled  fathers  of  a  live  Zubr,  sent  by  Ladislaus  Jajellon  king  of  Poland.  This  proves  that  it 
was  regarded  as  a  rare  and  curious  animal,  even  at  the  beginning  of  the  fifteenth  century. 

There  arc  many  stories  related  concerning  the  extraordinary  strength  of  this  animal.  An  ancient 
chronicle  mentions  that  at  a  hunt  given  by  King  Alexander  of  Poland  (who  died  in  1506),  the  Altan, 
whence  his  Queen  Helena  looked  at  the  sport  with  her  ladies,  was  overturned  by  the  Zubrs  running 
against  it  with  great  violence. 

I  may  add  that  the  work  of  Baron  Brinkcn  on  the  forest  of  Bialavieja  is  very  important  for  it*  descrip- 
tion of  the  flora  as  well  as  fuuua  of  that  tract,  "  Mimoire  Descriptive  sur  la  ForA  de  Bialavieza,"  par  le 
Bn.  Bricken.  Varsovie  chez  Gluksberg,  1828."  According  to  his  account,  there  were  at  that  time  875 
head  of  Zubrs  living  in  the  forest'. 

1  After  we  were  favoured  with  the  above  communication  of  Count  dc  Krasinski,  we  observed  that  Professor 
Eichwald.  in  his  work  (Naturhistorische  Skizze  von  Lithauen.  Volhynien,  und  Podolien,  Vilna,  1830),  had  given  a 
very  complete  account  of  the  forest  of  Bialavieja,  and  of  its  inhabitant*  the  Auera  or  Aurochscs.  Among  other  pecu- 
liarities of  these  very  wild  animaU,  it  is  stated,  that  for  spring  and  summer  food  they  select  Rauunculu*  reprm, 
Cirrium  oleraeeum,  Merockiot  borealu,  and  other  acrid  and  bitter  plan  Li,  and  such  shrubs  as  Lonicera,  Rhamnus. 
tie.,  with  lichens  and  tree  mosses ;  and  in  winter  the  young  trees  of  CoUuna  vulgaris,  which  they  prefer  to  hay  or 
any  other  food  (birch  and  fir-trees  being  never  touched  by  them).  They  roll  and  enjoy  themselves  in  dry  sand, 
seldom  drink,  and  go  whole  days  without  water  ;  that  of  the  muddy  rain-pools  being  adequate  for  them,  though 
when  pursued  by  wolves  they  swim  well.  The  Aurochs  lives  to  about  forty,  and  breeds  to  thirty  years  of  age,  and 
offers  no  example  of  a  cross  with  the  domestic  cow,  to  the  smell  of  which  he  has  a  great  antipathy.  Owing  to  his 
great  weight  he  is  a  slow  mover,  and  when  pressed  is  exhausted  in  a  verst.  In  defence  he  can  master  three  wolves, 
but  falls  a  prey  to  a  greater  number.  In  the  work  of  M.  Eichwald  it  is  further  stated,  that  at  a  royal  Polish  chase 
of  Augustus  III.  in  1752,  forty-two  of  these  animals  were  killed;  and  that  in  the  year  1828  the  total  number 
was  W.    A  plan  of  the  Forest  is  given,  in  which  a  river  Biala  is  marked.    (See  ante,  pp.  503,  504  and  note*.) 
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Alphabetical  List  of  Simple  Minerals  found  in  the  Ural  Mountains  or  on  their  Flanks, 
from  a  Catalogue  prepared  by  Lieut.  Koksharof  of  the  Imperial  Mining  Corps. 


Anrhjnite 

Atbite   


■...•■•■•■.4. 


Hills  near  Miask  As  fine  prismatic  crystals  in  granite. 

near  Mursinsk,  di-  "1  .....   Occur*  a»  indistinct  cry»tal»  in  gnuiitic 
.trirt  of  Ekaterinburg  /  M""- 


rocks. 


Amber  . 


IHMHI  


Mine  of  Pitalelersk  near  Bogosinfsk  As  small  crystals  in  greenstone  porphyry. 

At  the  village  Kaltchedansk  near  the  Small  pieces  occur  with  lignite,  grawl  ami  sand. 
Zavod  Kami-risk. 

Tashakalva  near  Mursinak   Fine  crystals  of  amethystine  quartz  in  granite. 

Near  Ekaterinburg  (Ii 

(Elizabctsk,  Uktusk  and  Pishininsk  Za- 
vods.) 


In  tlie  Sholkuvaya  Mountain 


Mount  Blagodat  near  Kushvinsk 


Ne- 


Amatm, 


In  small  compact  ma 

hedral  crystals. 
As  small  crystals  in  schist. 


Andahtite 


Apatite   

Augile.  igreen) 


Shabrovsk  near 

Adolfsk  near  Rissersk  ,  As  grain*  and  crystals  in  the  detril 

Nijny-Tagilsk   Do.  do. 

Tushiakalva  near  Mursinak  Occurs  in  considerable  masses,  having  a 

stallinr  structure,  and  in  granite. 

r  Takovaya   " 

.  <  llmen  .Mountains  near  Miask   

L  Akmutofsk  near  Zbituiist   

.  At  the   mine   Zajevo-Nikolaevsk  neai 

Miask   

jNcar  the  Zavod  of  N'ijny-Tngilsk  

(Mount  Blagodat  near  Kushvinsk  

.  Taganai  and  Uralskaya  Sopka  near  Zla 


Aximle.. 


Beryl. 


t.«lVhoterf) 


Bcrkut.k.ya  itill  near  Miask 
of 

Dear  Nijny-Tagilsk. 


Near  the  village 

Zlataiist. 
Mount  Bertevaya 

Bogoslofsk. 


cry. 


■  prismatic  crystals  in 
»tal»  in  "miascitr." 


Kiue  | 
Crystals  i 

In  altered  chloritic  schist. 
In  porphyry. 

Do. 

In  grains  with  magnetic  iron. 
This  variety  Of  quart/  ruck  is  finer  in  the  moun- 
tains of  Bieloretz  in  the  Government  of  Tomsk 
and  is  polished  at  the  works  of  Kolyvan. 
Splendid  vases  of  the  Siberian  avanturine  were 
1  to  Baron  Humboldt  and  Mr.  Mur- 


presented 

thison  by  the  Emperor  of 
Generally  compact,  occasionally  in  crystals  in 

porphyritic  greenstone. 
In  argil! 

In 


f"  Fine  crystals  of  yellow,  blue  and  rose  colour  in 
hakmaf     granite.  The  transparent  crystal,  sell  for.  high 
price.  In  the  Museum  of  the  Institute  of  the 
mines  at  St.  Petersburgh,  arc  to  be  seen  cry- 
stals of  Beryl  nine  inches  and  a  half  in  length. 


near  Mursinak 
Ilmen  Mountains 
In  the  mines  uf  Aktimsk  near  Zlataiist  , 


At  Nazirnskaya  («ora  near  Zlataiist  In  chlorite  schist  where  pierced  by  greenstone. 

Bitter  tpar   Near  the  Zavod  of  Beresursk   As  small  rhoinboidal  crystals  in  the  chloritic  and 


Kliitchefsk  near  Miask   

Neighbourhood  of  Neviansk . 
Borsovsk  near  Kishtymsk  ... 


When  bitter  spar  i»  found  in  maaws  aud  mited 
with  chlorite  and  quartz,  the  rock  thus  com- 
posed is  called  «  Listvcnite." 

In  serpentine. 

In  chluritic  schist.  s 
Found  in  blocks  amid  the  auriferous  detritus. 
This  mineral  contains  crystals  in  grains  of  Co- 
rundum and  Zeilanite. 
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 Near  Guroeshrvsk 

Near  the  Zavod  of 


e... 


 As  small  crystals  on  the  red  copper  ore. 

 As  small  white  flakes  in  serpentine. 

Near  Verkhoturie   Aa  prismatic  crystals  in  granite. 

 Small  masses  of  a  rose  colour  occur  in  the 

I    miascite  of  the  I  linen  Hills.    Its  cleavage  is 
|    parallel  to  the  faces  of  a  regular  ' 
!  prism. 

Chlorite   In  thcrainc  of  Akmstnfskand  Nazimskaya  As  small  crystals  exhibiting  dichnitm. 

Mountain  near  Zlatoust  (aer  p.  428). 

Chhritaid   Near  the  Zavod  Mramorsk,  Ekateriu-  In  chloritic  schist. 

I  burg. 

Chloroepinrl   In  the  mountain  ShUhimskaya,  west  of]Small  octahedral  crystals  in  talc  schist 

Ztataust. 


Ckrynberyl . 


Copper,  an/ire., 


Copper,  aulphurrt 
Copper,  arty   


Near  Bogoslofsk  and  Nijny-Tagilsk  In 


CttppW,  ptfT%lr$ 
Copper,  green   

Copper,  rnnadiat*  of 


Near  the  village  of  Takovaya. 


As  fine  crystals  of  a  deep  green  colour  in  mica- 
ceous BchisL  This  mineral  is  found  generally 
in  triple,  seldom  in  simple  crystals,  and  11' 


Diallage 


Ueresovsk,  Kugusb,   lsk  and  Sanarak 

near  Miask. 
Vassiliensky  near  Bogoslofsk. 
Near  Perm. 

Bogoslofsk,  near  the  Zavod  of  Ueresovsk  In  veins  of  quartz 

of  Turvir.sk  near  Bogoslofsk. 
Ditto  ditto.' 

Mine  of  Tvanusk,  district  of  I'erm   As  hexagonal  tablets  in  sandstone. 

Near  the  village  of  Kossui  Brod,  neigh-  In  small  grains  in  chlorite  schist, 
bourhoad  of  Ekaterinburg. 

Ilmcn  Mountains  near  Miask   In  felspar,  some  of  the  crystals  are  of  a 

Near  Kishtymsk.  I    blue  colour,  and  some,  though  very 

paitlv  transparent. 
Near  the  Lake  Aushkul,  south  of  Miask  tn  serpentine. 

 |Near  the  country  house  of  M.  Mcdjcr,  two 

diamonds  have  been  found  in  the  detritus,  the 
largest  weighing  %  carats. 

Verch-Uralsk  (in  auriferous  sands)  One  diamond  only  found  here,  weighing  i  carats. 

Near  Kuahvinsk  One  diamond  weighing  j  carats. 

Chrestovodsvisgcnsk  and  Adolfsk  near  Up  to  the  year  1833  about  forty  diamonds  had 


.  bright 
rarely. 


Diatpore  , 
IHoprid*  . 
Elaalite  , 


Kpidote 


HMMMHMMHtH 


BUat  I  sk. 


Mramorsk  in  the  neighbourhood  of  Eka 
terinburg. 

Akmatofak,  Naziraskava  Mountain  near' 
Zlatoust. 

Mountains  near  Miask   


Near  the  village  of  Takovaya 


...*..•*•. 


Mramorsk  ... 

Rcachcty  near  Ekaterinburg,  Agatsk  do. 
Between  the  Zavod  Kussinsk  and  the 

village  Shumn 
Near  Kisbtymsk 
Alabashka  near  I 
Voloshnava  Hill 
near  Miask. 


been  found  in  the  auriferous  gravel.  The 
largest  weighed  2H  carats,  the  smallest  J 
carat  (sec  p.  480). 
As  crystalline  masses  in  chloritic  schist. 

Beautiful  crystals  in  chloritic  schist,  where 

pierced  by  greenstone  (sec  p.  428). 
This  mineral,  with  black  mica  and  white  felspar, 
forms  the  rock  called  miascite,  subordinate  to 
granite. 

This  locality  is  celebrated  for  its  emeralds.  The 
largest  and  most  transparent  crystals  are  cut 
and  sent  to  the  Imperial  Winter  Palace  at  St. 
Petersburg)). 

In  chloritic  schist. 


In  veins  of  quarti.    In  porphyry. 


i  blocks  of  Borsovite. 
inited  in  groups  in  granite. 
imaxm  Stone). 
yellow  crystals. 
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NwrtoOIustrml.. 


Gold  (ao/ire) 


Graphite 


Mm  the  village  Bojcvsk  in  the  neigh 
|    bourhood  of  the  Zavod  Kameosk. 

Emm  Hill*  near  Miask  In  miascite. 
ear  the  village  of  Syroatan,  road  from  In  granite. 
Minsk  to  Zlatauat. 
akovaya   

.At  the 'copper-mine*  of  Turyinsk 
Bogoslofsk. 
Alaba»hka  nrar  Mursinsk. 

Ilmen  Mountain  near  Miaak  

Mount  Shishimskaya,  east  of  Zlataust. 

Taganai  Mountain  near  Zlataust   In  mctamorphic  quartz  rock 

.  Mine  of  Zarevo-Alexandrofsk  near  Miask  This  mine  i»  famous  for  the  largest  " 

of  gold  that  hare  been  found  at 
periods  (see  pp.  489  ef  see.). 
At  the  Zavod  Bcresovsk  near  Ekaterin-  Thr  gold  is  heir  found  in  the  reins  of  quarU.  in 
burg.  small  porous  masses.    The  crystal*  present 

an  octahedral  form,  with  dodecahedral  face* 
Also  in  the  auriferous  sands  in  grains 
crystals,  and  at  numerous  othc 
I    here  cited  (see  pp.  476  ef  see.) 
of  the  Lake  Telanshuk  In  schist. 


In  crystalline  masses  in  micaceous 
Crystals  in  mctamorphic  limestone  and  palaeo- 
zoic rocks  (see  p.  398). 

In  granite. 

Of  a  yellow  colour  in  vein-stones. 


On  the  shore 
nrar  Miask. 

Near  the  Zavod  of  Keshcvski,  north  of  In  albite  and  syenite. 


//ypersMeae  

(nali'v) 


Near  the  Lake  Kis*agutch  in  the  Ilmen  In  the  hornblende  of  this  locality 
Hills  near  Miask.  octahedral  crystals  of  zircon. 

Near  the  Lake  Aushkul.  south  of  Mia*k  In  greenstone  porphyry. 

Lrengn  Mountain  near  Zlatauet,  and  at  In  syenite, 
numerous  other  localities. 

Mines  of  Kublevskav  and  VUsimo-shai-  Isolated  blocks  in  the  detritus, 
tansk  near  Nijny-Tagilsk. 

Mine  of  Borsovsk  near  Kishtymsk   

Ilmen  Hills  near  Miask   

Nevlansk,  Nijnv-Tagilsk   

Near  the  Zavod  of  PWbmiiwk   

I'he  Mount  Beresovaya  near  Ekaterin 

i    burg  and  near  the  village  Bru»sian»k. 

Ilmen  Hills. 

LMinc  of  Akmatofsk  near  Zlataust  , 

M.i.liimvkuvn  Mountain  near  Zlatauat. 
Vissokaya  Mountain  near  Nijny-Tagilskjln  large  masses 


are  found 


Do.  do.  in  auriferous  gravel. 
In  large  rlu.iuboidal  crystals  in  tl 
lleiahedral  crystals  in  the  platin 
In  octahedral  rrvstals  in  serpentine. 
Octahedral  cry  stals  in  chloritic  schist. 


Do. 


do. 


Iron,  hydrate  of ., 

Iron,  ipetvler  .... 

iron,  ckramntt  of 

Iron.  oxidulated  . 
Iron  pyrila  


The 

Near  the  Zavod  Bilimbaersk, 

burg. 

the  Zavod  of  Kamcnsk.. 
ntaina  of  Neviansk 
rhood  of  Zlataust  . . 
e  village*  of  Shabrovsk  and  Nagoisk 
near  Ekaterinburg. 
Near  Bogoalofsk. 
In  the  Berkulskava  Mountain  near  Minsk 
KiBhtvmsk.  near  the  Zavod  of  Sysscrsk 
Intl.c'mincof  Malo-Mostorsk  near  Eka- 
terinburg. 
Itmcnsk. 

Urenga  Mountain,  Zavod  Lobvinak  nearj 

Zlatoust. 
Near  the  village  Kolotkina,  40 

south  of  Ekaterinburg. 
In  the  Mountain  Taganai  neai 
In  Petropavlovsk  Hill  near 


Do. 
in 

In 

hi 


(see  pp.  370.  379.  395.) 


I»«    IK-sW    I  It 

In 

40  verstaln 
Zlatauat  Jin 


In  hornblende  schist, 
greenstone  porphyry. 


micaceous  schist. 
Decomposed  crystal*  in  greenstone  porphyry. 
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Nkjnet  of  Mlneril*. 


 Zav 


Lead,  nlpkvret  of  Zavod  of  Beresovsk  near  Ekaterinburg 

The  mine  of  Kugushefsk  near  Miask. 
The  mine*  of  Pavlov»k  and  Anatolsk  in 

the  district  of  Nijny-Tagilsk. 
Near  Bogoslofsk  and 


Uad, 


o/. 
of. 


In 


enpper  mines. 


Zavod  of  Beresovsk  Small  crystals  in  vein*  of  quartz. 

.  Zavod  of  Beresovsk  Kine  hexagonal  f~~ 

In  the  Bertevaya  Hill  near  Nijny-Tagilsk.  In  quartz  reins. 


0/   The  Bertevaya  Hill  near  Nijny-Tagilsk. .  In  quartz  vein*. 

Zavod  of  Beresovsk  near  Ekaterinburg...  Fine  | 

of  Zavod  of  Beresovsk   ••■•••■••■•»•.....  Fine  \ 

f^pidolilt   The  village,  of  Tushakava,  Alaha»hka  and  A«  fine 

Shaitausk  near  Mursinak 

£iAefWe(n*«pWeo/Nijny.Tagil.k  

npprr) 

Lint,  cerbtmatt  of  Gumcshcfsk  Zavod  , 

burnt  (rale  spar)  Ilmen  Hill*  near  Miask. 


Man  n  anil' 


Mrtanockmit 


Mica,  i 
Mi.-  ,,  di-axial . 


MpmmMi  .. 

Nftdleort 
OUgotltu  .. 


i  -k  II  ill   

Nijny-TagiUk  

In  the  neighbourhood  of 
OumrshrfBk  Zavod  


Near  the  village  of  Shabrova,  neighbour 
hood  of  Ekaterinburg. 

Heresovsk   

East  of  the  Ilmen  Lake  near  Miask  


of  a  red 
scales  of  a  ro»e  colour  in 


In 

In  copper  mines. 
In  concretion*  and  mai 
minute  cryatals  in  the 
In  grains  in  rhodotnite. 


of  very- 


Small  indistinct  crystals  in  quartz  veins. 
Small  prismatic  crystals  of  a  black  colour  in  the 
granite. 

Ilmen  Hills  near  the  village  Kossoi-brod  In  miascite. 


Near  ZlaUust.  near  the  Zavod  Dolersk 
East  of  the  Lake  Ilmen 
Near  the  village 

Ilmen  Hill*  

Zavod  of  Beresovsk  near  Ekaterinburg.. 
Near  the  village  of  Schaitansk,  neigh 

boorhood  of  Mursinsk. 
Near  the  village  Ajalsk,  vicinity  of  Eka- 
terinburg. 

Sand*  in  the  vicinity  of  Neviansk  In  b 

Do.  near  Kishtymsk. 
Saranovsk,  north  of  Bissersk  (see  p.  390) 
and  near  Kishtymsk. 


IMNMMMI 


Near  the  Lake  Tchoraoya, 

near  Miask. 
Mines  of  Akmatofsk  near  Zlatoust 


Parerlain  rarth 


Minea  of  Akmatofsk, 

tain  near  Zlataiist. 
Near  the  village  of  Takovaya 

ahoimeft. 


Fine  crystals  in  the  granite. 


Small  crystals  in  the  granite. 
Indistinct  prismatic  crystals  in  quartz 
Occur*  a*  compact  masses  in  granite. 

In  porphyry. 

gonal  plate*. 


Abundant  at  the  first  of  these 
the  second. 

Occurs  in  fine  green  crystal*  in  trap  rocks,  and 
often  with  chromate  of  iron.    This  mineral  is 
to  be  a  garnet  containing  chrome, 
ystal*  in  chlorite  schist  pierced 

by  greenstone. 
In  small  crystals  which  arc  bright  wine  yellow, 
inclining' to  row-coloured  or  whit*.    At  St. 
Petersburgh  they  are  favourite  ornament*  of 
the  ladies. 


crystal*  in  chlorite  schist. 


Vissimo,  Sbaitansk  and  other  places  in  In  grains  and  sometimes  heiahedral  crystals, 
the  vicinity  of  Nijny-Tagilsk.  The  largest  piece*  have  been  found  in  the 

|    Deruidoff  domain*. 

Also  in  detritus  between  Kuabvinsk  and  In  detritus  of  trappcan  and  other  rocks  overly- 
Turyln*k,  and  around  the  Katchkanar.|    ing  Silurian  limestone  (*ec  pp.  381  and  484). 
In  the  mine  Nikolaya  Pavdinsk  near  In  large  masses. 


East  of  the 
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Ptfnte*,  eopprr 


Purophulite  

Pyrrkite  

Quart:  


Repidolite 


Aktensk  mine*  near 

Near  Ikigoslofak  In  cupper  mine*. 

Zavod  of  llcrcsovsk   llc\ahedral  crystals  in  quart! 

llmen  Hills  Small  crystal*  in  granite. 

Near  Zlataii.t  and  at  the  village  Nagor-  In  auriferous  sands, 
noi  near  Ekaterinburg. 

Zavod  of  Ucresovsk   Indistinct  crystal*  in  quartz 

Near  the  village  Alabashka   Small  yellow  crystal*  in  grai 

Rcrcsovsk  near  Ekaterinburg  and  in  the  Many   transparent  cijstallized 

I  linen  Hills.  "  Cairgorm  stone*")  arc  cut  and  polished. 

Naziruskaya  Mountain  near  Zlataust  ...  In  chlorite  schist  pierced  by  greenstone  (sec 

P. 


block*  (like 


Rtililt   

S*rp*nli*r 
Smlalilt  ... 


Rhwiuchrom  [Near  Ki*htym*k  Small  compact  raa»«rs  on  chromatc  of  inn. 

At  the  village  Saranovsk  neai  Rissersk...  In  small  masses  do  do. 

village  Sha>>rova,  vicinity  of  In  considerable  masses, 
f.liatrrinhurg. 

Near  the  village  of  SaiapuUk   Small  crystals  of  dodecabedral  form,  with  ttfra- 

hcdral  Ibccb.  The  crystals  are  always  found  on 


Rkodonitr   Near  the 

Kkatrrinhurg. 


Near  the  village  of  Takovaya  

Mountains  near  the  Zavod  of  I'Udivinsk 
Near  the  Lake  Au»hkul,  south  of  MiMk 


reil  spheroidal  tourmaline  and  are  very  rare. 
Hue  large  crystals  in  i 


Occurs  as  small  masses  of  crystalline  structure 
and  line  blue  colour  in  miascitc.  One  single 
crystal  of  this  mineral,  now  in  the  collection  of 
the  Mining  Institute  at  St.  Petersburg!),  pre- 
sent* u  doilccahcdraJ  form.  The  blue  sodalite 
of  the  Ural  was  formerly  termed  Cancrinite. 
Near  the  Zavod  I'olevsk,  south  of  Eka-  Ijurge  crystals  in  argillaceous  schist. 
terinburK- 


'Hie  Mount  Taganai  near  Zlataiist 
Near  the  Zavod  of  Nijny-Saldinsk 

SlilpnoridrrUr  Near  Rogmlofsk  

StrakUttin   Near  Verkneivinsk  and  Uornoshit, 

nity  of  Ekaterinburg. 
In  the  Shishimskaya 
Zlataiist. 

Near  Zlataust  jln  chlorilic  mica  schist 

Near  Kishtymsk   Trismatic  crystals  in  talc  schist 


StrakUtri*  (acriWi/r) . 


l-argc  black  crystals  in  mica  schist. 
In  mica  schist. 
In  cop|*r  mines. 


of  In  altered  achist  with  gri 


ofiln 
.Jin 


Sulphur,  native 

7Wc  


Tc^ffkMte. 
T,ta»ilt  .... 


Thpaz 


Hen  mi.  -.^ 


As  produced  from  the  decomposition  of  pyrites 

in  quartz  veins. 
Small  indistinct  crystal*  in  quartz  veins. 
Crystalline  masses. 


Zavod  of  Reresovsk  near  Ekaterinburg 
Near  Rrussiansk,  vicinity  of  Ekaterinburg 
The  llmen  Mills  In  felspar. 

The  mine  of  Akmatofsk  near  Zlataust  ...jUouble  crystals  in  chlorite  achist. 
Near  the  Zavod  Verch-Issetak  and  the  In  small  brown  crystals  in  granite. 
Lake  of  Schartosk  near  Ekaterinburg. | 

llmen  Mountains  near  Minsk   'In  syenite  or  granite. 

Alabashka  near  Mursiiisk  jMagnificcnt  crystal*  of  the  blue  topaz 


The  Ilroen  Hills  ... 


 The  Ilracn  Hills. 

(ilaci)  Near  the 


At  the  village 


are 

more  than  five  inches  long.  They 
in  granite,  and  when  transparent, 
arc  sold  on  the  spot  for  500  or  1000  roubles 


crystals  of  a  white  colour  in  the  green 


rhis  variety  is  very  rare  and  tell*  for  more  than 

100  roubles  a  crystal. 
The  spheroidal  groups  of  crystals  sell  for  500  Of 
10O0 
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Uranatantal  

Vtrarm-itr.  see  Ontcaro- 


VoUmrtite  ( 

copper) 
Wavellite 
XanthophyUitc 


mercury) 

ZinkUende 

Zircon  

ZoUUe  


Near  the  Zavod  of  Bcrcsovsk  .. 
At  (jorvoshit  nrar  Syssertsk, 

Ncivinsk  and  the  Lake 

nity  of  Ekaterinburg. 
The  Ilmen  HilU  


Veich 
vici. 


Prismatic  crystals. 
In, " 


In 


/.la- 


in the  Beresovaya  Hill,  vicinity  of  Eka 

terinburg. 
In  the  Shishitnskaya 

taust  

Mine  of  Akmatofsk   

Nazimakaya  Mountain  near  Zlatoust 
of  Nijny-Tagil.k  


Do. 


ic  rocks. 


In  the  auriferous 
Isolated  fragments  in  the 


Do.  do.  do. 

Mine  of  Borsovsk  near  KUhtymsk 

'/Mmc  of  Oleuo-Traviansk   

Mines  of  Zarevo-Aleiandrofsk  and  othersjln  the  auriferous 
near  Miask. 

....  Near  Bogwlofsk  In  copper  mines. 

...  Ilmen  HilU  Fine  crystals  in  miascitc, 

....  Villain;  of  Gomoshit  near  Ekaterinburg...  In  chlorite  schist. 


F. 

Domanik  Schist. 

The  render  will  find  that  in  the  text,  p.  413,  we  have  considered  the  Domanik  as  the  equivalent  of  the 
Wisscnbach  schists,  and  therefore,  according  to  the  reasoning  formerly  employed  (see  Geol.  Trans,  vol.  vi. 
p.  253),  belonging  rather  to  the  Uppermost  Silurian  than  the  Lowest  Devonian.  Since,  however,  the 
chapter  on  the  Timan  Range  was  written,  the  fossils  of  the  Domanik  having  been  carefully  examined 
by  Count  Keyaerling,  he  finds  that  its  Goniatites  are  similar  to  those  of  Brilon  in  Westphalia,  and  Schu- 
bclhammer  in  Franconia.  It  must,  therefore,  be  considered  Lower  Devonian,  and  we  have  placed  it 
accordingly  in  the  Table  of  Superposition  attached  to  the  Map.  PI.  VI. 

G. 

Igneous  Origin  of  Magnetic  Iron  Ore. 

In  the  text,  p.  413,  we  have  dwelt  at  some  length  on  this  point,  and  it  may  further  be  curious  for 
geologists  to  speculate  on  the  possible  application  of  the  same  view  to  many  deep  and  unfathomed 
masses  of  iron  in  other  countries.  The  broad  and  deep  masses  of  red  and  often  intensely  crystalline 
hematite  near  Ulvcrstonc  in  Cumberland,  which  fill  chasms  in  the  carlwniferous  limestone,  are  now  usually 
looked  upon  as  aqueous  deposits.  But  may  the  striking  vein  of  pure  brown  hematite  charged  with  man- 
ganese,  which  at  Loatwithiel  in  Cornwall  seems  to  rise  up  through  slaty  rocks  (Devonian)  and  envelopes 
fragment*  of  them  in  it*  matrix,  be  considered  an  eruptive  dyke  like  that  to  which  we  have  alluded  at 
Blagodat  ?  In  throwing  out  this  query,  wc  do  not  say  that  the  English  case  ought  not  to  be  separately 
considered ;  for  whilst  it  is  possible  that  it  may  be  explained  in  a  somewhat  similar  manner  to  those  of 
the  Ural,  it  may,  we  admit,  have  resulted  from  a  long-continued  humid  process — always,  however,  de- 
pendent on  subterranean  agency  and  internal  heat  and  gas — through  which  the  fluid  was  impregnated 
with  metallic  or  other  elements,  that  have  either  been  crystallized  or  deposited  in  amorphous  forms 
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within  the  cavities  of  the  rock.  The  hydrates  of  iron,  which  in  many  countries  fill  superficial  cavities, 
belong  clearly  to  another  class  of  phenomena,  and  arc  to  be  generally  considered  lis  mere  aqueous 
deposits,  which  are  of  comparatively  recent  age. 

H. 

Palaeozoic  Rocks  of  Scandinavia. 
Some  of  the  fossils  from  Hysbifiol  in  Sweden  have  very  much  the  aspect  of  being  derived  from  the 
uppermost  beds  of  the  Lower  Silurian.  In  stating  our  belief,  that  the  chief  palaeozoic  strata  of  the  con- 
tinent of  Sweden  arc  Lower  Silurian,  as  distinguished  from  those  of  Gothland,  we  allude  simply  to  the 
zone  which  fell  under  our  survey.  We  have  grounds  to  think,  that  in  some  places  patches  of  Upper  Silu- 
rian group  will  also  be  found  to  occur,  as  in  Norway.  For  example,  our  friend  Prof.  Forchhammer  has 
informed  us  that  he  believes  there  are  Upper  Silurian  fossils  in  the  higher  part  of  the  Aalleberg  in  West 
Gothland,  and  at  Klinte  in  Scania.  At  the  latter  place,  indeed,  the  occurrence  of  the  Avicula  retrujtera 
and  other  Upper  Silurian  fossils  quite  unknown  in  the  Lower  Silurian  beds,  has  already  determined  the 
point.  In  Scania  also  there  is  a  red  micaceous  sandstone,  connected  with  argillaceous  beds  and  porphyry 
(as  in  Norway),  in  which  forms  like  Avicula  and  Modiola  have  been  discovered,  and  which  Prof.  Forch- 
hammer thinks  may  be  of  the  age  of  the  Old  Red  Sandstone.  Again,  from  what  we  saw  of  the  specimens 
of  rocks  and  fossils  from  Dalecarlia  in  the  Museum  of  Stockholm,  we  have  very  little  doubt  that  a  country 
which  has  afforded  the  Leptma  depretsa,  L.  cuglypha,  and  a  species  of  the  peculiar  genus  Brontes  (Gold- 
fuss),  must  contain  Upper  as  well  as  Lower  Silurian  rocks,  while  a  portion  of  the  sandstones  which 
occupy  that  region  may  represent  the  Old  Red  Sandstone.  These  points  we  hope  to  be  able  to  work  out 
in  the  course  of  the  ensuing  summer  (February,  1845). 

L 

Inverted  Strata  on  the  Flanks  of  the  Ural  Mountains. 

In  reference  to  this  phenomenon  we  have  shown  (p.  4G3  el  irq.),  how  under  the  conditions  exhibited 
along  the  flanks  of  the  Ural,  it  is  impracticable  to  explain  the  inversion  on  several  parallels  of  longitude, 
by  the  mere  uprising  of  the  central  ridge,  and  the  consequent  overthrowing  or  bending  back  of  the  strata 
upon  themselves.  We  have,  in  fact,  endeavoured  to  account  for  the  inversions  at  considerable  distances 
from  the  axis,  by  subsidences  of  the  fractured  ends  of  the  rocks  which  approach  towards  the  issue  of  erup- 
tion. But  even  admitting  our  hypothetical  view,  that  the  uprising  of  a  large  quantity  of  molten  matter 
to  swell  the  central  ridge,  might  occasion  cavities  occupied  by  gases  only,  into  which  the  ends  of  the 
fractured  masses  might  sink ;  why,  it  will  be  asked,  do  the  inward  edges  of  such  masses  dip  toward*  the 
chain  ?  why  have  their  external  edges  never  been  depressed  ?  and  why  are  they,  on  the  contrary,  raised  ? 
Now,  the  facts  arc,  that  the  sedimentary  rocks  on  the  flanks  of  the  Ural  Mountains  are  fissured  by  a 
number  of  parallel  north  and  south  cracks,  at  some  of  which  (as  Nijny  Serginsk  and  niaserak  on  the  west 
flank,  and  at  numerous  points  on  the  east  of  the  chain)  molten  matter  has  forced  its  way  to  the  surface. 
If  then  we  view  the  original  condition  of  this  eruptive  matter  when  it  was  seeking  to  find  a  vent  in  its 
central  or  chief  habitual  fissure,  we  may  liken  it  to  a  series  of  great  subterranean  troves,  moving  from  the 
eastern  and  xcestern  flanks,  where  its  issue  was  repressed  (by  the  nature  of  the  sediment  and  other  causes), 
to  that  channel  where  it  was  liberated.  In  this  way  we  may  conceive,  how  the  wave-like,  upheaving 
lateral  force,  when  applied  from  flanks  to  centre,  raised  up  the  outward  ends  of  the  fissured  strata  by  a 
succession  of  heaves ;  and  if  this  hypothesis  be  admissible,  no  great  depression  of  their  inward  ends  is 
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circumstance*  ai  those  described  in  the  text,  we  think  that  the  highly  contorted,  inverted  and  basin- 
shaped  strata,  which  are  so  common  on  the  western  Uralian  slopes  (notably  in  the  gorge  of  the  river 
Tchuwovaya),  are  beat  explained  by  the  lateral  pressure  of  the  sea  and  sedimentary  matter  in  the  low 
country  on  the  west,  and  the  great  uprise  of  the  central  ridge  on  the  east,  by  which  operation  the  mattes 
were  squeezed  up  between  two  reaisting  bands,  and  were  thrown  back  and  partially  inverted.  The  pro- 
well  worthy  of  analysis ;  though  it  must  be  admitted,  that  great  light  has  already  been  thrown  upon  the 
subject  by  the  labours  of  Professor  Dumont  in  Belgium  and  those  of  Professors  H.  and  W.  Rogers  in 

K. 

South  Coast  of  the  Black  Sea. 

The  geological  colours  relating  to  the  tract*  south  of  the  Black  Sea,  arc  assigned  from  a  perusal  of  the 
writings  of  Mr.  W.  Hamilton  and  Mr.  Ainaworth  (see  Researches  in  Asia  Minor,  Pontu*.  &c,  vol.  i. 
p.  158  el  teq.,  and  Journal  of  the  Roy.  Geogr.  Soc.  vol.  ix.  p.  216  et  *rj.)-  It  is,  however,  necessary  to  ex- 
plain, that  in  all  that  region  we  do  not  pretend  to  define  accurately  the  outline  of  the  various  rock 
masses,  but  simply  to  convey  an  idea  of  their  general  relations.  Thus,  whilst  we  know  from  the  re- 
searches of  Mr.  W.  Hamilton  and  Mr.  H.  Strickland,  that  true  Silurian  rocks  exist  at  Constantinople, 
where  they  are  overlaid  by  tertiary  (miocene  ?)  deposits,  it  seems  probable,  that  the  crystalline  and  slaty 
rocks,  perforated  by  much  eruptive  matter,  which  range  from  the  eastern  shores  and  gulfs  of  the  Sea  of 
Marmora  (Mount  Olympus,  Ismid,  &c),  are  metamorphosed  Silurian  *traU.  similar  to  those  of  the  Ural 
Mountain*  (cof  Map,  PI.  VI.).  The  great  mass,  however,  of  the  sedimentary  deposit*  of  Bithynia,  Paph- 
lagonia  and  Pontua,  consists  of  limestones,  often  semi-crystalline,  with  associated  fucoid  schist*,  sand- 
stone*, &c,  which  are,  we  apprehend,  of  the  same  age  as  the  great  outward  spur*  of  the  Caucasus 
(Circaatia,  &c.),  and  are,  on  the  whole,  of  the  Cretaceous  age.  We  cannot  gather  from  the  writings  of 
Hamilton  or  Ainaworth,  that  the  Jura  formation  has  any  existence  in  these  regions  ;  all  the  secondary 
rock*  of  which  appear  to  be  referrible  to  the  Scaglia,  restricting  the  meaning  of  that  term  to  strata  of 
the  age  of  the  Cretaceous  system,  which  have  assumed  the  Mediterranean  or  crystalline  type. 

In  the  Caucasus,  as  in  the  Crimcea,  the  labours  of  M.  Dubois  dc  Mcntpcrcux  have  satisfactorily  shown 
the  presence  of  both  these  great  systems,  and  doubtless  it  is  possible,  that  in  a  portion  of  the  rocky, 
elevated  and  broken  region  to  the  south  of  the  Black  Sea,  tome  Jurassic  fragment*  may  be  eventually 
discovered. 

The  greatest  interest,  indeed,  of  this  region,  consists  in  its  eastern  range,  or  in  the  high  plateaux  of 
Khorasan,  Kara  and  Anni.  where  tertiary  deposits  of  the  younger  Miocene  age  have  been  heaved  up  by 
trachytic  and  other  igneous  rock*  to  heights  of  5000  and  6000  feet  above  the  sea,  and  where  some  tracts  arc 
so  scoriaceous  and  volcanic,  with  large  quantities  of  Obsidian,  as  to  convey  the  idea  of  comparatively  recent 
eruption.  The  observation  of  Mr.  W.  Hamilton,  of  peculiar  tertiary  strata  at  Sinope,  is  of  great  interest 
to  us ;  for  on  examining  the  fossils  he  submitted  to  us  therefrom,  wc  have  no  hesitation  in  saying,  that 
they  belong  to  that  former  great  internal  Mediterranean  (Aralo-Caapian)  of  brackish  water,  concerning 
which  we  have  spoken  so  much 1 ;  and  thus  we  leam  that  this  grand  ancient  Caspian  must  have  extended 
over  a  great  portion  of  the  Black  Sea,  as  well  as  over  the  Seas  of  Azof,  Caspian  and  Aral.  In  all  these 
regions,  this  brackish  water  deposit  succeed*  to  the  oceanic  miocene  ;  a  point  of  very  great  importance  in 
developing  the  ancient  geography  of  this  large  portion  of  the  globe. 


'  See  No.  10.  Map,  PI.  VI.  aad  vol.  i.  pp.  297  tt  $tq. 
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L. 

Gold  Produce  of  Siberia. 

In  reference  to  this  subject,  which  excites  bo  much  interest,  we  reprint  an  extract  from  the  Anniversary 
Discourse  addressed  by  one  of  us  to  the  Royal  Geographical  Society  of  London  in  1 844  : — 

"  To  this  subject  I  wish  to  point  the  attention  of  statists  and  geographers,  for  it  has  already  begun  to 
occupy  the  thoughts  of  politician',  uud  may  eventually  have  a  very  marked  influence  upon  all  civilized 
nations,  in  changing  the  relative  value  of  gold  as  a  standard. 

"  In  Russia,  as  in  the  Brazils,  the  great  mass  of  the  metals  is  derived  from  local  detritus  or  alluvia 
usually  called  gold  sand,  but  for  which  (as  far  as  Russia  is  concerned)  the  term  of  shingle  would  be  much 
more  appropriate.  With  very  trifling  exceptions,  all  such  auriferous  detritus  in  the  Russian  empire  occur 
on  the  eastern  or  Siberian  side  of  the  Ural.  Slightly  known,  and  near  Ekaterinburg  only,  in  the  days 
of  Pallas,  it  was  not  until  the  reigns  of  Paul  and  Alexander,  that  these  gold  alluvia  were  found  to  extend 
in  a  certain  zone  to  the  north  and  south  of  that  locality,  throughout  ~>°  or  6^  of  latitude,  and  that  even- 
tually gold  was  extracted  from  them  to  the  annual  value  of  about  half  a  million  sterling.  Notwithstand- 
ing the  increased  exploration  of  late  years,  and  many  researches  in  the  northern  and  southern  portion  of 
the  chain,  this  quantity  has  been  rarely  exceeded,  and  latterly,  the  alluvia  in  some  tracts  being  exhausted, 
it  has  begun  to  decrease.  The  reign  of  the  Emperor  Nicholas  has,  however,  been  distinguished  by  the 
important  discovery,  that  portions  of  the  great  rasterr  regions  of  Siberia  are  highly  auriferous.  vi2.  in  the 
governments  of  Tomsk  and  Yeniseik,  where  low  ridges,  similarly  constructed  to  those  on  the  eastern  flank 
of  the  Ural,  and  like  them  trending  from  north  to  south,  appear  as  offsets  from  the  great  east  and  west 
chain  of  the  Altai  which  separates  Siberia  from  China.  And  here  it  is  curious  to  remark,  that  a  very  few 
years  ago  this  distant  region  did  not  afford  a  third  part  of  the  gold  which  the  Ural  produced,  but  by 
recent  researches,  an  augmentation  so  rapid  and  extraordinary  has  taken  place,  that  in  the  last  year  the 
eastern  Siberian  tracts  yielded  considerably  upwards  of  two  millions  and  a  quarter  stcrhng,  raising  the 
total  gold  produce  of  the  Russian  empire  to  »«ir  thr*  million*  sterling ! ! 

"  Now  if  this  great  increment  be  sustained  during  a  certain  number  of  years,  there  can  be  no  doubt, 
that  it  will,  to  some  considerable  extent,  reduce  the  standard  of  value,  and  lead  to  considerable  change 
in  our  social  relations.  The  first  question  therefore  is.  to  what  extent  is  it  likely  to  be  sustained  ?  Gold 
alluvia  l>eing  but  the  detritus  of  veins  which  once  existed  in  the  adjacent  rocks,  it  might  be  supposed  that 
in  piercing  these  rocks  the  miner  would  find  more  copious  stores  of  the  metal.  Experience,  however, 
has  taught  us  that  such  is  not  the  fact,  and  to  whatever  cause  due,  it  is  certain  that  the  veins  which  rise 
from  great  depths  in  the  crust  of  the  earth  are  richly  auriferous  towards  their  tipper  limit  only.  Hence 
it  is  that  nearly  the  whole  of  the  ancieut  surface  of  rocks  having  undergone  denudation  and  consequent 
destruction,  the  greater  quantities  of  gold  are  found  in  the  detritus  on  the  flanks  of  the  bills,  or  in  the 
valleys  between  them.  So  long,  therefore,  as  these  alluvia  are  unexhausted,  sd  long  may  the  miner  ex- 
tract from  them,  by  a  cheap  and  easy  method  of  macerating  and  washing,  the  ore  which  would  be  obtained 
at  much  greater  cost  from  the  solid  rock.  Now,  those  alluvia  having  well-defined  bottoms,  and  being  of 
measurable  extent,  may  certainly  be  exhausted ;  and  the  disappearance  of  gold  from  all  those  civilized 
countries  in  whose  early  days  it  was  abundantly  found  (even  in  our  own  isles),  is  a  proof  that  such  mutt 
sooner  or  later  be  the  case.  But  how  long  is  it  before  this  period  of  exhaustion  will  arrive  ?  When  we 
reflect  upon  the  length  of  time  which  the  one  region  of  Brazil  has  continued,  1  believe  with  undiminished 
quantity,  to  supply  modern  Europe  with  its  great  mass  of  gold,  the  opening  out  of  a  new  El  Dorado 
should  teach  us  to  be  very  cautious  in  attempting  to  limit  the  auriferous  capacity  of  the  vast  and  slightly 
explored  regions  of  Siberia,    'lie  north  and  south  counterforts  of  the  great  Altai  may.  in  truth,  prove  to 
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be  but  the  indication*  of  similar  spurs,  or  detached  meridian  ridges,  which  may  be  discovered  in  many 
other  tract*  of  a  region  equal  in  extent  to  the  whole  of  Europe.  From  the  researches  of  the  Russian 
engineers,  and  from  Humboldt  and  his  associate*,  we  learn  that  rocks  similar  to  those  which  are  to  auri- 
ferous in  the  Ural,  reappear  in  various  parallels  of  longitude  along  the  flanks  of  the  Altai.  By  a  recent 
letter,  indeed,  from  my  friend  Colonel  Helmersen.  the  distinguished  and  successful  explorer  of  the  Ural. 
Altai  and  Siberia.  I  learn  that  his  former  associate  in  these  countries,  Professor  Hoffman,  has,  in  his  last 
visit  of  1S43,  discovered  a  tract  in  Siberia,  in  which  the  very  richest  gold  alluvia  occur  in  a  "terrain" 
exclusively  composed  of  granite  and  mctamorphic  schists,  the  gold  being  in  the  latter.  Now  in  the  Ural. 
M  in  other  parts  of  Siberia,  greenstones,  syenites  and  serpentines  seem  invariably  to  have  been  the  agents 
by  which  the  mctamorphic  rocks  have  been  rendered  auriferous  ;  this  discovery,  therefore,  widens  the 
field  of  the  gold-searchers,  and  opens  out  great  probable,  practical  as  well  as  theoretical,  results.  In 
truth,  Siberia  and  its  adjacent  regions  may  be  found  to  contain  another  Brazil,  where  granite  also  is  the 
great  eruptive  agent  of  mineralization  and  metamorpbism. 

"  Count  Kcyserling  also  assures  me  in  one  of  his  letters  that  the  discovery  of  M.  Hoffman  relates  to  an 
area  larger  Hunt  France,  every  part  of  which  seems  to  be  more  or  less  auriferous,  and  all  the  subjacent 
rock*  (pahrozcic  schists  and  limestones  ?)  when  pounded  up  and  analysed  affording  a  certain  per-centage 
of  gold !  If  this  diffusion  of  gold  through  the  very  matrix  of  rocks,  which  is,  I  may  observe,  a  phaeno. 
menon  hitherto  almost  unknown ',  be  really  found  to  hold  good  over  so  vast  an  area,  it  imparts  a  new  and 
most  important  element  to  our  reasoning,  and  renders  it  vastly  more  probable  that  no  sort  of  limit  can 
be  set  to  the  increase  of  the  produce  of  Russian  gold.  We  know  also  from  our  enterprising  medallist. 
Adolph  Erman,  that  paleozoic,  eruptive  and  metamorphic  rocks,  similar  to  those  of  the  Altai  and  the 
Ural,  extend  even  to  the  Alden  mountains',  not  far  from  the  shores  opposite  Kamtschatka;  and  if  so. 
why  may  they  not  contain  the  same  minerals  ?  Again,  we  arc  told  by  Helmersen  and  others,  that  some 
of  the  southern  offsets  from  the  Altai,  which  extend  into  China,  are  auriferous,  and  one  of  them,  the 
Tar-Bagatai,  the  northern  part  of  which  is  in  the  Russian  territory,  has  already  proved  highly  productive. 
The  last  fact  is  of  very  great  importance  ;  for  the  Celestial  empire,  which  has  only  just  now  been  partially 
opened  out  to  European  enterprise,  may  very  probably  (and  I  have  strong  reasons  to  think  that  the  same 
classes  of  rocks  extend  through  Chinese  Tortary)  prove  to  be  another  golden  region  like  Siberia.  Even 
in  our  own  Hindostan.  auriferous  veins  and  deposits,  as  yet,  it  is  true,  of  no  great  value,  are  known  at 
various  points  from  north  to  south,  and  have  recently  met  with  a  good  describer  in  Lieutenant  Newbold. 
who  strongly  urges  their  further  and  more  scientific  exploration';  whilst  we  have  yet  to  learn,  whether, 
in  the  progress  of  civilization,  the  gold  tracts  of  South  Carolina  may  not  afford  considerable  additions  to 
the  metallic  wealth  of  the  new  world. 

"  But.  reverting  to  Northern  Asia,  how  arc  we  to  limit  our  anticipations  of  the  augmentation  of  such 
produce,  when  it  is  a  fact,  that  within  the  last  few  years  only,  a  tenth  portion  of  the  earth's  surface  (Chi- 
nese Tartary  and  Siberia)  has  been,  for  the  first  time,  made  known  to  us  as  in  many  parts  auriferous,  and 


1  In  our  travels  in  the  Ural  we  learned,  indeed,  from  General  Anosoff  at  Zlatoust,  that  by  a  searching  analysis, 
gold  had  been  discovered  disseminated  in  the  matrix  of  some  of  the  limestones  south  of  Miask. 

-  M.  Adoiph  Erman  has  made  the  bold  effort  to  colour  geologically  large  portions  of  Siberia  and  the  whole  of 
Kamtschatka  under  the  title  of  "  Geognostische  Skizze  von  Nord  Asien."  (Archiv  fiir  Russland.  Berlin,  vol.  ii.) 
The  more  recent  travels  of  M.  Middcndorff  show  the  extension  of  the  same  eruptive  and  metamorphosed  paheozoic 
rocks  from  Nertchinsk  to  the  Stanovoi  mountains,  and  to  the  Shan  tar  Isles  in  the  Sea  of  Okhotsk.  (See  Mr.  Mur- 
chison's  Anniversary  Address  to  the  Royal  Geographical  Society.  May  1645.) 
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when  from  one  portion  of  it  only,  Europe  is  already  supplied  with  «o  very  large  an  amount  of  her  chief 
circulating  medium  ?    Well,  therefore,  may  political  (economists  now  beg  for  knowledge  at  the  hands 


of  the  physical  geographer  and  geologist,  and  learn  from  them  the  secret  on  which  the  public  faith  of 


Why  the  right  bank  of  the  Lower  Volga  is  always  higher  than  the  left  bank. 

In  the  text  and  in  the  description  of  the  Maps  we  have  simply  noted  the  fact,  that  the  right  bank  of 
the  Volga  is  almost  invariably  a  high  cliff,  whilst  the  left  bank  is  low.  This  remark  requires  to  be 
modified  before  a  rational  attempt  can  be  made  to  account  for  a  phenomenon  apparently  so  difficult  of 
explanation.  In  the  upper  portion  of  its  long  and  tortuous  course,  when  the  stream  glides  down  from 
the  Valdai  Hills  by  Tver  to  Mologa  and  Yaroslavl,  and  again  from  the  latter  city  by  Kostroma  to  Yu- 
ricvetz  no  such  feature  is  dominant;  the  left  bank  being  frequently  as  high  as  the  right.  It  is  specially 
from  the  point  where  the  Oka  is  confluent  with  the  Volga  at  Nijny  Novogorod,  to  the  parallel  where  the 
mighty  river  quits  the  hilly  grounds  of  Tzaritzin  and  Sarepta  to  debouche  into  the  Caspian  at  Astrakhan, 
that  the  right  bank  is  not  only  invariably  the  highest,  but  is  in  many  places  absolutely  a  cliff,  standing 
out  against  the  low  countries  on  its  left  bank1.  By  a  simple  glance  at  our  Map,  the  geological  reader 
who  has  perused  our  description  of  the  nature  and  extension  of  the  former  Caspian  will  at  once  see, 
that  all  the  region  occupying  the  right  bank  of  the  Volga  from  a  little  below  Kazan,  to  the  tract  where 
the  ground  subsides  into  the  low  country  of  the  Kalmucks,  has  the  character  of  the  edge  of  an  ancient 
continent,  whose  eastern  shore  was  washed  by  the  great  Aralo-Caspian  Sea.  Subsequent  elevations  of 
the  whole  continent  which  have  desiccated  to  so  great  an  extent  the  former  bed  of  that  enormous  Medi- 
terranean, in  the  manner  we  have  explained,  have  simply  left  the  Volga  to  find  its  way  to  the  present 
Caspian,  along  the  line  of  junction  of  the  driod-up  sea-beds  and  the  ancient  cliff;  the  respective  relations 
of  these  masses  being  preserved.  On  further  inspecting  the  Map,  the  reader  will  see,  that  the  Caspian 
deposits  are  marked  as  extending  northwards  only  to  Spask ;  but  here  we  must  observe,  that  judging  from 
the  very  low  form  of  the  grounds  on  the  left  hank  of  the  Volga,  both  at  Kazan  and  in  ascending  from 
thence  by  Tchcboksar  to  Nijny  Novogorod,  it  is  very  probable  that  the  Aralo-Caspian  (the  extension  of 


which  to  Spask  we  should  not  have  known  without  the  researches  of  M.  Jasikoff)  may  probably  have 
ramified  in  a  bay  over  the  low  expanses  to  the  north  of  Tchcboksar  and  Nijny  Novogorod.    Those  flat 


the  Bpring  months,  and  have  thereby  been  so  overspread  with  modern  alluvia,  that  it  is  not  likely  the 
traces  of  the  residence  of  the  ancient  Caspian,  if  it  ever  extended  there,  can  now  be  discovered,  although 
the  contour  of  the  ground  naturally  leads  us  to  speculate  upon  such  having  been  the  case.  At  all  events 
we  have  no  need  to  put  forth  any  theory  whatever  to  account  for  the  phenomenon,  from  below  the  city 
of  Kazan  to  the  hills  south  of  Sarepta.  throughout  which  space,  of  about  600  English  miles,  the  low 
country  on  the  left  bank  of  the  Volga  is  shown  by  its  shells  to  have  been  the  bed  of  a  former  Mediterra- 
nean, of  which  the  high  grounds  on  its  right  bank  constituted  the  western  shore. 


1  In  a  memoir  by  our  friend  Major  (now  Lieutenant-Colonel)  Bibde,  the  phenomenon  of  the  right  bank  of  other 
livers  in  Russia  being  higher  than  the  left  is  explained  by  a  theoretical  view  of  elevation  and  depression  to  which 
we  cannot  now  render  justice,  having  mislaid  his  work. 


M. 


tracts,  occupied  by  marshes,  meadows  and  woodlnnds,  are  however  so  much  overflowed  by  the  Volga  in 
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N. 

Permian  Rocks  near  Bachmuth  (p.  114)  and  on  the  Suchona  (p.  178). 

As  fame  geologists  who  follow  our  traces  in  Russia  may  be  of  opinion,  that  the  red  sandstones  and 
yellow  limestones  near  Bachmuth,  which  we  have  considered  of  Permian  age,  ought  rather  to  be  classed 
with  the  Carboniferous  system,  we  will  merely  say,  that  a  recent  survey  of  the  junction  of  the  equiva- 
lents of  the  Permian  rocks  (lower  red  sandstone  and  magtiesian  limestone)  with  the  subjacent  coal 
measures  in  the  West  Riding  of  Yorkshire,  has  convinced  us,  that  there,  as  in  the  environs  of  Bachmuth, 
the  two  deposits  arc  naturally  connected  by  mineral  transition  and  conformable  stratification.  In  both 
cases,  that  which  comes  under  the  head  of  Permian,  is  simply  the  continuation  of  the  carboniferous  group 
under  a  peculiar  and  modified  type. 

Not  having  detected  fossils  on  the  Strelna  and  Suchona  in  our  first  purvey,  the  name  of  c&lcaires 
muets"  was  then  applied  to  the  limestones  subordinate  to  the  red  marls  of  that  tract  (p.  178)  ;  but  the 
subsequent  researches  of  Count  Keyserling  have  rendered  that  sobriquet  inapplicable,  by  the  discovery  of 
the  Tertbratula  Geinitriana  and  T.  elongate  (see  Permian  Table,  p.  222). 

0. 

Coal-fields  of  Poland  and  Silesia. 

Having  explained  in  the  work,  that  throughout  the  Russian  empire  there  is  no  productive  coal-field 
above  the  carboniferous  limestone,  and  that  nearly  all  the  Russian  coal  occurs  in  that  formation,  it  U  in- 
teresting to  remark  how.  in  receding  from  that  peculiar  eastern  development  and  on  entering  into  Poland 
and  Silesia,  the  deposits  of  this  age  assume  the  prevalent  type  of  Western  Europe,  and  consist  of  coal 
with  sandstone  and  shale  in  masses,  which  (like  those  of  the  Belgian  and  British  coal-fields)  distinctly 
overlie  the  carboniferous  or  mountain  limestone.  In  traversing  the  carboniferous  tracts  of  the  kingdom 
of  Poland  west-north-west  of  Cracow  (see  Map),  we  found  the  mountain  limestone  at  the  surface  to  the 
north  of  Krzezowice,  but  that  rock  subsiding  to  the  west,  is  succeeded  at  Sierza  (the  mines  of  Count  A. 
Potocki)  by  true  overlying  coal-measures,  which  are  worked  by  galleries  on  slightly  inclined  planes.  Still 
further  to  the  west  these  coal-measures  greatly  expand  (alao  very  slightly  inclined)  around  the  govern- 
ment mines  of  Dombrova,  Bendzin,  &c.  (kingdom  of  Poland).  The  chief  masses  of  coal,  which  arc  there 
worked  in  open  quarries,  exceed  in  magnitude  any  examples  of  the  old  or  paheozoic  coal  with  which  we 
are  acquainted.  In  the  cuttings,  for  example,  near  Bendzin,  the  coal  is  at  one  spot  actually  nine  tackters 
or  near  sixty  feet  thick,  and  therefore  double  the  dimensions  of  the  strongest  British  seam,  that  of  the 
Dudley  ten-yard  coal.  The  overlying  sand  and  shale  are  loaded  with  impressions  of  fossil  plants,  which 
are  almost  invariably  found  prostrate  and  much  broken;  and  M.  Pusch,  now  engaged  in  directing  the 
works,  informed  us,  that  he  never  met  with  more  than  one  instance  of  a  vertical  fossil  tree- stem  amid  a 
very  great  profusion  of  ancient  vegetation.  In  alluding  to  the  vast  thickness  of  this  Polish  coal,  we  may 
observe,  that  portions  only  of  the  sixty  feet  constitute  fuel  sufficiently  good  to  forge  the  iron  of  the  mines 
of  the  Imperial  government. 

The  eastern  limb  of  this  coal-field  passes  into  Prussia,  and  is  worked  at  Konigshuttc,  &c.  in  Lower 
Silesia,  where,  although  the  coal-seams  are  not  so  thick  as  on  the  Polish  side  of  the  frontier,  the  coal- 
seams  arc  of  good  quality  and  are  turned  to  the  best  profit.  As  this  coal-field  is  evidently  an  upcast 
through  surrounding  secondary  formations  (Muschclkalk,  Jura,  &c,  see  Map,  PL  VI.),  it  may  at  some 
future  day  be  advantageously  won  by  deeper  shafts  over  a  considerable  area. 

The  little  coal-field  of  Upper  Silesia  occurs  as  a  one-sided  trough  in  the  mountainous  tract  between 
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Breslau  And  Glitz,  where  a  good  many  seams  of  coal  of  fair  quality  are  exposed  (usually  at  angles  of  high 
inclination),  having  been  perforated  by  many  eruptive  rocks.  On  their  eastern  flunk  they  repose  on  true 
carboniferous  limestone  with  Product™  gigmtcu*.  and  on  the  west  pass  under  red  sandstone,  shale,  con- 
glomerate and  black  limestone  (Permian).  See  p.  199. 

P. 

Tertiary  Deposit*  of  Northern  Germany  and  Poland. 

Although  wc  have  ventured  to  colour  a  large  region  (chiefly,  indeed,  occupied  by  northern  drift)  as 
probably  containing  a  substratum  of  Eocene  age,  we  know  that  deposits  of  younger  date  also  occur  in  it. 
Thus,  Professor  Goppert  acquaint*  us,  that  some  of  the  brown  coal  of  Silesia  (Taxus,  &c.)  contains  plants 
comparatively  modern,  whilst  that  of  Hcssia  is  charged  with  extinct  species,  and  is  therefore  of  higher 
antiquity.  The  correct  demarcation  of  these  tertiary  accumulations  must  be  worked  out  by  other  geolo- 
gists ;  our  sole  aim  being,  as  wc  have  explained  (p.  281  et  »rq.).  to  show,  that  to  the  north  of  a  certain 
zone  there  exist,  at  intervals,  deposits  containing  older  tertiary  shells  which  essentially  differ  from  those 
of  the  great  masses  of  Miocene  age  that  occupy  South  Poland,  Volhyuia,  Podolia  and  Bessarabia. 

0. 

Steppe  Limestone  (Aralo-Caspian). 

In  the  introductory  chapter  (p.  8*),  which  was  written  after  the  great  body  of  the  work  was  printed,  we 
have  alluded  to  certain  corrections  made  by  the  discoveries  of  M.  Basinier  and  the  comments  thereon  by 
Colonel  llclmcrscn,  of  an  inference  we  had  drawn  (p.  310),  concerning  the  Ust-Urt.  which  we  at  one  time 
supposed  to  be  entirely  occupied  by  the  steppe  limestone.  In  fact,  the  opinions  there  expressed  (derived 
from  the  works  of  our  precursors)  are  substantially  corrected,  p.  325,  as  well  as  in  the  introduction.  The 
Map,  Plate  VI.,  has.  indeed,  been  coloured  according  to  our  present  views,  as  regulated  by  the  subsequent 
perusal  of  the  memoir  of  Colonel  Helmersen,  "  Ueber  die  gcognostische  Bcschaffenbeit  des  Ust-Urt  und 
in  besondere  dessen  Ostlichen  Abfalles  zum  Aral  See."  Nov.  1844  (Classc  Phys.  Math,  dc  l'Acad.  Imp.  de 
St.  Petersburg,  torn.  it.  No.  73,  74).  It  is  through  the  researches  of  M.  Basinier.  and  the  inductions 
of  Helmersen,  that  not  only  the  mass  of  the  Ust-Urt,  but  also  a  wide  tract  to  the  north  of  it,  have  been 
placed  in  the  parallel  of  the  Oceanic  Miocene  deposits  of  Podolia,  Volhynia  and  Bessarabia.  But  not- 
withstanding the  existence  of  deposits  of  Miocene  age  in  the  Ust-Urt.  it  is  still  true,  that  the  Aralo- 
Caspian  or  steppe  limestone,  such  as  wc  described  it,  forms  the  immediate  cliffs  of  the  Aral,  as  well  as 
of  the  Caspian  ;  whilst  it  is  equally  clear,  that  the  two  seas  were  formerly  parts  of  the  same  great  inter- 
nal,  brackish  and  freshwater  Mediterranean,  wliich  spread  over  all  the  low  country  betweeu  them  to  the 
south  of  the  Ust-Urt,  and  extended  by  Khivah  far  eastwards  and  southwards.  Nor  can  it  yet  be  posi- 
tively assumed,  that  all  the  region  of  the  Ust-Urt  is  formed  of  oceanic  deposits  ;  for  until  that  vast  pla- 
teau be  traversed  in  various  directions  by  competent  geologists  (M.  Basinier  having  only  passed  along  its 
eastern  edge),  it  cannot  be  denied  that  portions  of  the  steppe  or  Aralo-Caspian  limestone  which  subtend 
it  on  three  sides,  may  also  have  been  elevated  into  some  parts  of  it.  In  the  meantime,  our  Map  is  coloured 
in  consonance  with  the  views  of  Colonel  Helmersen,  whose  general  opinion  respecting  the  succession  of 
the  tertiary  deposits  in  the  eastern  portion  of  the  Aralo-Caspian  region,  is  perfectly  in  accordance  with 
that  at  which  wc  arrived  through  our  own  observations,  in  respect  to  the  western  country  around  the 
Black  Sea,  the  Crimsea  and  the  Sea  of  Azof. 
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1.  — LITHOGRAPHIC  SKETCHES. 

1.  Frontispiece  of  Part  I. 

This  sketch  represents  the  culminating  points  of  the  Ural  Mountains  between  Zlatoust  on 
the  west  and  Miask.  The  rocks  consist  of  quartz  rock  (probably  metamorphic  Silu- 
rian) ;  and  near  their  summit  is  engraved  a  memento  of  the  visit  of  the  Grand  Duke 
Alexander,  the  heir  apparent,  when  His  Imperial  Highness  ascended  to  the  highest  pin- 
nacle (sec  p.  434). 

2.  Frontispiece  of  Part  U.    (Facing  p.  338.) 

Gorge  of  the  river  Tehussovaya,  on  the  western  tlank  of  the  Ural  Mountains,  above  Ust-Koiva, 
representing  flexures  of  the  Carboniferous  and  Devonian  limestones,  chiefly  the  former 
(see  description,  p.  388). 

3.  (Facing  p.  362.) 

This  view  represents  the  geologists  descending  the  Siberian  river  lssetz,  east  of  Ekaterinburg, 
in  small  canoes.  The  jK-asants  are  assembled  at  the  village  to  witness  and  cheer  the  pro- 
gress of  the  travellers,  and  the  chief  rural  officer  of  the  district  is  waiting  to  receive  them 
at  a  river  dam  near  one  of  the  numerous  corn-mills  on  that  river.  The  rocks  forming  the 
river  banks  are  porphyries. 

4.  (Facing  p.  392.) 

View  from  the  summit  of  the  Katihkanar  in  the  North  Ural  Mountains.  The  lofty  rocks  in 
the  foreground  are  of  eruptive  origin  and  highly  magnetic,  and  the  spectator  is  looking 
northwards  over  trackless,  dense  forests,  the  distant  and  loftier  peaks  being  capped  with 
snow. 

5.  (Facing  p.  .395.) 

The  Fortress  and  Monaster}'  of  Vcrkhoturie  or  Verkoturie,  on  the  Siberian  or  cast  flank  of  the 
Ural  Mountains,  as  seen  from  the  west.  This  was  one  of  the  earliest  strongholds  of  the 
Russians  constructed  after  their  occupation  of  Siberia.    The  rock  is  a  granite. 

G.    (Facing  p.  425.) 

The  peep  into  Siberia  from  Mount  Sugomac  near  Kishtymsk  is  characteristic  of  the  boundless 
flat  tract  occupied  by  numerous  lakes  which  lies  on  the  eastern  flank  of  the  Ural  Mountains 
in  that  parallel.    The  Church  and  Zavod  (forge)  of  Kishtymsk  are  seen  below. 
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7-    {Facing  p.  428.) 

The  remarkable  mountain  of  Taganai  near  Zlatoust,  or  "Tripod  of  the  Moon"  in  the  Bashkir 
language,  is  here  viewed  from  the  side  of  an  adjacent  mountain  on  the  west.  The  peaks 
consist  of  quartz  rock  like  those  of  the  frontispiece,  from  which  they  are  only  separated  by 
a  valley.  The  tree  in  the  foreground  is  intended  to  represent  the  Pinna  ceinbra,  so  cha- 
racteristic of  the  Ural  Chain.  Being  sketched  from  a  considerable  height,  the  Taganai  of 
this  drawing  scarcely  conveys  an  idea  of  sufficient  altitude. 

8.  {Facing?.  4.17 ■) 

This  view  of  the  Lake  Aushkul  and  the  Holy  Mount  of  the  Bashkir  inhabitants  of  the  Southern 
Ural  has  been  selected  from  many  sketches,  as  giving  ■  good  general  idea  of  one  of  the 
richest  gold  tracU  on  the  eastern  slopes  of  the  chain,  which  is  seen  in  the  distance.  The 
Russian  officers  are  General  Anosoff  and  Major  Lissenko,  who  accompanied  Mr.  Mur- 
chison  and  Lieut.  Koksharof  from  Zlataust  and  Miask  to  this  spot. 

9.  {Facing  p.  4  18.) 

View  of  the  Gubcrlinski  Hills  (South  Ural),  as  seen  from  the  gate  of  the  post-house  in  the 
village  of  that  name.  A  Baskhir  guard  on  horseback,  w  ith  his  bow  and  arrows  and  spear, 
who  accompanied  the  travellers  along  this  portion  of  the  Kirghis  frontier,  is  contrasted 
with  a  Russian  peasant. 

10,11.    {Facing  p.  450.) 

One  of  these  sketches  represents  the  travellers  in  their  "  tarantass  "  (a  body  of  a  britchka  on 
long  wooden  poles),  approaching  Orenburg  in  the  low  steppes  to  the  south  of  the  Ural 
Chain ;  the  other  as  they  are  coming  back  towards  the  ridges  of  Carboniferous  limestone 
in  the  Gurmaya  Hills  of  the  South  Ural.    (See  also  p.  146.) 

12.    {Facing  p.  453.) 

A  Bashkir  summer  camp  in  the  high  recesses  of  the  Irendyk.or  chief  ridge  of  the  South  Ural. 
In  the  foreground  is  Mohammed  John,  the  Bashkir  proprietor  of  the  camp,  in  conversa- 
tion with  a  Russian  settler  and  a  mounted  Bashkir.  In  the  middle  is  a  Russianized 
Bashkir  officer  and  two  common  Bashkirs  with  a  female ;  and  in  the  distance  arc  seen  the 
marcs  from  whose  milk  the  "  Kumiss  "  is  being  prepared  over  a  fire.  Black  skins  filled 
with  Kumiss  stand  against  the  wicker-work  of  the  tent,  which  is  covered  with  a  stout  felt. 

N.B.  (For  the  two  Plates  A  and  B  in  the  Appendix,  the  one  illustrating  the  palaeozoic  corals 
the  other  teeth     Devonian  ichthyolites,  see  the  accompanying  descriptions.) 
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II.— COLOURED  SECTIONS. 
PLATE  L 

This  Plate  refers  exclusively  to  the  Carboniferous  region  between  the  Don  and  the  Dnieper, 
usually  known  as  the  coal-field  of  the  Donctz.  (See  detailed  account  of,  pp.  89  et  $tq.) 

PLATES  II.  to  IV. 

These  three  long  coloured  Plates  represent  a  series  of  transverse  sections  of  the  North  and 
South  Ural  Mountains  on  various  parallels  of  latitude,  as  explained  in  the  text  from 
pp.  353  to  403,  and  pp.  4*20  to  461.  As  each  coloured  section  has  a  separate  title  and  is 
fully  explained  in  the  text  and  on  the  copper-plates,  any  repetition  of  description  is  here 
unnecessary.  (At  the  heading  of  Chap.  XVIII.  p.  420,  Plate  III.  has,  through  an  omis- 
sion, not  been  referred  to.) 

PLATE  V. 

Contains  a  section  from  the  low  tracts  on  the  west,  up  to  the  axis  of  the  Arctic  Ural,  and 
other  sections  across  the  Timan  range  and  adjacent  country.    (See  pp.  404  et  teq.) 

III. — MAPS. 

PLATES  VI.  and  VII. 

The  General  Map  (PI.  VI.)  was  commenced  in  1840,  after  our  first  journey  to  Russia,  and  in 
its  earliest  state  (when  exhibited  at  the  British  Association  for  the  Advancement  of 
Science  in  the  autumn  of  that  year)  contained  the  chief  demarcations  of  the  older  palaeo- 
zoic formations  only,  as  extending  from  south-west  to  north-east'.  It  was  not,  however, 
until  after  our  much  longer  continued  and  more  extensive  explorations  of  1841,  that  we 
were  enabled  to  colour  a  general  Map  of  Russia,  a  copy  of  which  we  laid  before  His 
Imperial  Mnjesty  in  the  autumn  of  that  year,  accompanied  by  a  long  section  across  the 
empire  from  south  to  north,  of  which  the  figure  at  the  bottom  of  the  Plate  is  a  reduced 
copy.  The  existence  of  a  great  dome-shaped  mass  of  Devonian  rocks  around  Orel,  which 
forms  so  prominent  a  feature  in  that  section,  was,  indeed,  observed  by  us  on  two  parallels, 
in  our  journey  from  south  to  north  during  the  autumn  of  that  year,  in  which  it  was  also 

1  In  the  Preface  we  have  already  apoken  of  a  geological  map  of  Russia  compiled  by  Colonel  Hclmcr- 
sen  (St.  Pctcriburgh,  1841).  who  in  his  account  of  it*  construction  gives  due  merit  to  every  contributor, 
from  the  early  days  of  Strangways  to  the  period  of  our  first  visit  when  we  travelled  to  Archangel  and 
across  the  province  of  Vologda  (see  Preface).  Another  map.  also  embracing  our  first  year's  results,  was 
published  by  M.  Adolph  Erman  in  his  Archiv  fur  Rutland  (Berlin).  1841.  a  comparison  of  which  with  our 
present  maps  will  show  the  progress  made  since  that  time. 

4  r  2 
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observed  by  Colonel  Helmcrsen  quite  independently  of  ourselves.  (See  p.  53  ft  teq.) 
In  1642  (our  general  classification  having  been  pointed  out  in  memoirs  read  before  the 
Geological  Society  of  London)  the  Map  was  engraved  and  coloured  accordingly  in  the 
form  which  it  now  possesses,  and  with  a  table  of  organic  remains  to  a  great  extent  the 
same  as  that  now  appended  to  it.  If  the  map  had  even  then  been  published,  all  the 
main  features  of  classification  would  have  been  sufficiently  sustained  for  general  objects ; 
but  we  naturally  withheld  it  until  we  had  reviewed  and  more  thoroughly  examined  our 
organic  remains,  and  had  so  extended  our  researches  as  to  produce  the  present  work. 
Points  of  great  importance  have  thus  been  added,  the  chief  of  which  consist  in  the  new 
features  of  the  Southern  Ural,  the  insertion  of  the  correct  physical  geography  of  the 
Ural  Chain,  the  geographical  and  geological  outlines  of  Scandinavia,  and  of  various  ame- 
liorations along  the  Polish  and  Carpathian  frontiers ;  some  of  which  we  derived  from  our 
own  explorations  continued  to  1844.  Other  changes  and  improvements  have  successively 
taken  place,  particularly  in  reference  to  great  regions  surrounding  the  area  of  our  personal 
survey.  For  these  we  necessarily  consulted  the  map  of  Von  Dechen  for  the  German 
frontier,  and  the  new  map  of  Zeuschncr  for  the  Carpathiaus.  Turkey  is  chiefly  coloured 
from  Boue"1;  the  Caucasus  is  entirely  taken  from  Dubois  dc  Montpcrcux;  and  the  coun- 
tries south  of  the  Black  Sea  from  the  researches  of  Mr.  \V.  J.  Hamilton  and  Mr.  W. 
Ainsworth ;  whilst  the  desert  tracts  between  the  Caspian  and  the  Aral  have  undergone 
ameliorations  through  the  critical  inquiry  of  Colonel  Ilelmcrsen  into  the  observations  of 
Rasinicr  and  other  travellers.  In  regard  to  geographical  features,  the  newest  and  most 
recent  are  those  introduced  from  the  Russian  surveys  of  the  South  Ural  and  of  all  the 
wild  regions  extending  therefrom  to  the  Ust-Urt  and  the  Caspian  and  Aral  Seas.  These 
are  chiefly  derived  from  maps  scarcely  yet  published  and  prepared  by  the  brothers  Khani- 

1  Wc  must  here  request  geologists  to  understand,  that  us  the  portion  of  the  Map  representing  South 
Hungary,  Transylvania  and  Turkey  is  coloured  to  >  small  extent  only  from  our  personal  knowledge,  it  is 
necessarily  imperfect.  Concerning  •  central  portion  of  that  region,  we  are,  indeed,  indebted  for  some 
corrections  to  our  friend  Mr.  Warrington  Smyth  ;  but  wc  beg  unequivocally  to  state,  that  we  are  by  no 
means  certain  whether  portions  of  the  crystalline  rocks  of  these  countries,  which  are  coloured  by  us  as 
mttamorphic,  may  not  be  of  azoic  age ;  whilst  some  of  the  granites  may  also  be  of  azoic  age,  and  not 
as  «c  have  inserted  them,  of  date  posterior  to  the  palaeozoic  deposits.  At  the  same  time,  whether  our 
method  of  parallelizing  the  Turkish  crystalline  masses  be  right  or  wrong,  we  are  certain  from  personal 
inspection  of  the  Carpathians,  that  the  Tatra  granitic  rocks  have  been  erupted  long  posterior  to  the 
palawzoic  deposits,  and  are  therefore  wholly  distinct  in  a  geological  sense  from  the  azoic  rocks  of  Scan- 
dinavia. They  have  indeed  been  evolved  since  the  deposit  of  a  sandstone  which  lies  beneath  the  Liassic  and 
Jurassic  deposits,  and  have  in  some  cases  even  protruded  over  thcM  formations.  Believing,  in  fact,  that 
the  Carpathians  have  been  upheaved  and  mineralized  in  a  manner  very  analogous  to  the  Alps,  we  have 
(judging  from  their  relations)  aligned  to  all  the  granitic  rocks  between  them  and  the  shores  of  Greece, 
a  like  modern  age ;  ami  on  our  general  map  we  have  not  attempted  to  separate  them  from  other  eruptive 
rucks,  even  from  those  which  arc  posterior  to  tertiary  deposits. 
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koff,  one  of  whom,  M.  James  Khanikoff,  is  about  to  issue  a  Russian  map  of  the  South 
Ural,  the  other,  M.  X.  Khanikoff,  having  obligingly  sent  us  his  compilation  from  various 
new  surveys  and  his  own,  extending  to  the  Aral  and  the  Caspian1. 

Even  in  a  purely  geographical  view,  w  e  are  therefore  enabled  to  lay  before  the  European  public 
a  map  charged  with  many  outlines  and  positions  unknown  to  geographers,  especially  to 
those  of  England.  The  most  original  portion,  however,  in  which  one  of  us  (Count  Key- 
serling  with  his  associate  Lieut.  Krusenstern)  has  worked  out,  is  the  Timan  Range  and  the 
basin  of  the  Petchora,  no  correct  features  of  which  region  were  ever  before  published. 

In  an  effort  so  arduous  as  the  construction  of  a  geological  map  of  Russia  in  Europe  and  the 
Ural  Mountains,  and  a  tabular  classification  of  all  the  sedimentary  deposits,  we  bespeak  the 
indulgence  of  critical  geologists,  and  beg  them  not  to  look  for  errors  of  demarcation  and 
detail,  but  fairly  to  regard  the  general  intention  and  sco|>e  of  the  work.  At  the  same 
time,  we  may  be  allowed  to  say,  that  we  have  laboured  hard  to  render  our  Map  as  correct 
as  possible  up  to  the  last  moment,  and  have  spared  no  expense  in  re|>catcdly  altering  the 
copper-plate  as  fresh  knowledge  w  as  acquired.  This  process  of  improvement  might  doubt- 
less have  gone  on  for  many  years,  but  the  period  has  arrived  when  we  must  launch  our 
work.  And  here  wc  must  state,  that  although  the  Imperial  Government  possesses  most 
elaborate  and  beautifully  executed  surveys  of  nearly  all  the  frontier  countries*,  no  good 
physical  maps  have  yet  been  published  concerning  the  mass  of  Central  Russia,  nor  are 
even  the  materials  for  their  construction  yet  gathered  together. 

That  vast  undulating  region  consists  of  various  round-backed  and  plateau-shaped  masses  of 
land,  for  the  most  part  of  small  elevations  from  200  to  600  feet  above  the  sea,  and  rising 
at  very  rare  intervals  to  altitudes  exceeding  1000.  To  attempt  the  delineation  of  such 
monotonous  hills  without  very  accurate  data,  would  merely  have  been  to  convey  imperfect 
ideas ;  and  we  have,  therefore,  restricted  ourselves  to  the  representation  of  the  chief  moun- 
tain ranges  by  which  Russia  and  Europe  is  subtended.  In  the  interior  wc  have  alone 
lightly  defined  the  chief  watershed  of  the  Valdai  Hills,  and  a  small  though  perceptible 
parallel  ridge  in  Livonia,  for  which  we  are  indebted  to  our  friend  M.  Struve.  We  have 
also  inserted  the  remarkable  feature  of  the  high  ground  on  the  right  bank  of  the  Volga 
bdow  A'y'uy  Sovogorod  a*  contrasted  with  the  tow  country  on  its  left  bank3.  When  the 
great  trigonometrical  survey  of  that  eminent  astronomer  and  his  associate  General  Ten- 
ner, to  w  hich  we  have  alluded,  shall  be  accomplished,  then  indeed  the  western  frontier  of 
Russia  in  Europe  will  be  accurately  laid  down,  and  then  may  geologists  proceed  to  elimi- 
nate details  which  arc  quite  Inside  the  objects  of  our  present  labours. 

'  We  have  already  adverted  to  the  survey  of  CapUin  Romanoff  between  the  South  Ural  and  the  Aral 
Sea.  p.  341. 

*  See  Mr.  Murchiton's  account  of  these  in  his  Anniversary  Address  read  to  the  Royal  Geographical 
Six-iety.  May  1843.    (Journal  of  the  Royal  Geographical  Society,  vol.  xv.) 
'  Sec  explanation  of  this  phenomenon,  Appendix  N.  p.  650. 
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In  defining  the  boundaries  of  the  different  formation*  beyond  the  «phere  of  our  own  explora- 
tions, we  have  necessarily  consulted  the  observations  of  our  predecessors.  Of  these  the 
most  useful  to  us  in  the  first  instance  was  a  small  general  map  compiled  by  Colonel 
Helmersen  after  our  first  visit  to  Russia.  Any  one,  however,  who  will  take  the  trouble  of 
comparing  our  Map  (Plate  VI.)  with  all  previous  attempts,  from  the  early  map  of 
Strangways  to  that  of  Helmersen,  will  sec  what  improvements  and  additions  have  since 
been  made.  The  outline,  however,  between  the  cretaceous  and  tertiary  rocks  of  the 
South  of  Russia  will,  we  apprehend,  be  found  the  most  defective,  that  region  having  been 
traversed  by  us  on  a  few  parallels  only,  whilst  the  ages  of  the  deposits  have,  as  yet,  been 
there  but  very  obscurely  tested  over  large  tracts  by  any  characteristic  organic  remains.  The 
mineral  characters  of  the  surface  (in  the  cretaceous  and  tertiary  tracts)  are,  indeed,  very 
often  to  a  great  extent  the  same,  except  where  the  white  chalk  appears. 

In  orthography  we  have  usually  endeavoured  so  to  write  the  words  upon  our  Maps,  that  they 
may  be  correctly  pronounced  in  the  English  language.  On  this  point  we  must  observe, 
that  we  have  everywhere  endeavoured  to  avoid  the  use  of  that  method  of  writing  Russian 
names,  which,  through  the  authority  of  various  German  writers  from  the  time  of  Pallas,  has 
become  too  prevalent.  The  Russian  r,  for  example,  is  exactly  the  English  or  French  v ; 
and  the  German  w  is,  therefore,  quite  a  misapplication  in  a  joint  English  and  French  work. 
For  the  German  sch  we  have  simplv  employed  $h,  fearing  that  if  the  c  had  been  interpo- 
lated, many  English  as  well  as  French  readers,  would  give  a  hard  instead  of  a  soft  sound 
to  the  Russian  words  in  which  it  appears.  The  vowels  a,  e,  i  are  to  be  pronounced  as  is 
usual  in  foreign  words,  according  to  their  Italian  sound.  The  vowel  u  in  every  Russian 
word  is  pronounced  like  the  French  ou  or  the  Italian  u,  and  we  therefore  simply  retain  the  u, 
attaching  to  it  the  Italian  sound.  In  regard  to  the  use  of  the  ch  before  a  vowel,  we  have  not 
adhered  to  a  practice  introduced  by  some  English  writers,  of  applying  it  as  pronounced  in 
the  words  choose  or  cheese,  but  have  prefixed  a  T,  as  in  the  words  Tchussovaya,  Tchudova,  etc. 
Our  reasons  for  preferring  Tch  are,  that  many  Englishmen,  in  perusing  foreign  works,  are 
apt  to  sound  the  ch  hard  (as  the  Germans),  or  like  a  guttural  k,  whilst  again,  if  so  written, 
it  would  necessarily  be  pronounced  soft  by  Frenchmen  (like  our  sh') ;  and  thirdly,  because 
when  preceded  by  a  T,  no  Frenchman,  Englishman  or  German  can  pronounce  the  words 
incorrectly.  In  preparing  the  Map  Mr.  Arrowsmith  has,  indeed,  occasionally  used  ch,  but 
whenever  we  have  detected  it  in  time,  a  change  has  been  made  to  Tch,  Generally,  where 
the  letter  j  precedes  a  vowel,  it  is  to  be  pronounced  as  y.  In  every  such  instance  it  was, 
indeed,  our  wish  to  use  the  y,  as  in  the  words  Yenisei,  Yaroslavl,  Ac,  but  in  a  very  few  exam- 
ples (through  the  habit  of  writing  names  and  places  according  to  the  German  or  French 

1  The  strongest  reason  for  not  using  ch  as  pronounced  in  the  English  word  choose  is,  that  in  our  own 
second  or  French  volume  such  consonants  are  often  soft  before  a  vowel.  Thus,  the  name  of  our  young 
companion  Lieut.  Koksharoff  is  written  Kokelmroff  in  French,  the  carboniferous  locality  Priksha  of  this 
volume  is  spelt  Prikcha  in  the  other,  and  Shavli  in  English  is  Ckavli  in  French. 
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method)  the  j  has  erroneously  crept  into  the  text  and  Map,  as  in  the  mountain  Juniui, 
and  in  the  towns  Jurieveiz  on  the  Volga  and  Jelatma  on  the  Oka,  which  are  distinctly 
pronounced  Yurma,  Yurievetz  and  Yelalma.  And  although  there  arc  examples  in  which 
the  J,  as  pronounced  by  the  English,  convey.s  the  proper  sound,  as  in  the  Sclavonic  word* 
Jevitze,  Jelernoe,  &c.  (Gelesnai,  Ft.),  we  ought  perhaps  invariably  to  have  followed  a 
method  not  unusual  in  writing  Eastern  names,  and  which  we  have  occasionally  adopted, 
as  in  the  words  Djeltbeck,  Djabyk-karagai,  &c.  There  is  a  peculiarity  in  the  Russian 
pronunciation  of  the  o,  which  has  rendered  uniformity  extremely  difficult ;  custom  or 
fashion  having  in  many  instances  led  the  Russians  to  sound  the  o  as  a  broad  a,  though 
the  syllabic  be  spelt  with  an  o.  In  some  of  these  cases  we  have  written  the  word  as  it 
is  pronounced,  though  in  most  we  have  simply  followed  the  Russian  spelling. 

The  geological  classification  adopted  in  the  General  Map  is  so  apparent,  that  little  or  no  expla- 
nation is  here  needed  concerning  the  different  sedimentary  deposits  which  succeed  to  each 
other,  from  the  oldest  on  the  north  to  the  youngest  on  the  south,  the  divisions  being  essen- 
tially the  same  as  those  applied  by  one  of  us  to  England1.  In  defining  the  igneous  rocks 
we  have  adhered  to  that  principle  which  we  believe  we  were  the  first  to  introduce,  of  repre- 
senting all  such  rocks  in  tints  of  the  same  colour  (red) In  the  General  Map,  details  being 
impracticable  on  so  small  a  scale,  we  have  necessarily  been  limited  to  broad  distinctions. 
Thereon,  therefore,  we  simply  represent  the  earliest  formed  sediments  (anterior  to  all  traces 
of  organized  beings)  and  which  have  been  much  affected  by  igneous  agency  in  pale  carmine 
(letter  a}.  In  darker  carmine  (b)  we  group  all  the  eruptive  rocks  which  have  traversed 
the  subsequent  sedimentary  . I. -posits,  one  of  the  most  recent  of  these  masses  being 
the  granites  on  the  eastern  flank  of  the  Ural  Mountains.  In  those  tracts,  proofs  have 
been  obtained,  not  only  that  the  granite  has  burst  through  all  the  sedimentary  palaeozoic 
rocks,  but  has  also  pierced  other  eruptive  rocks;— such  as  greenstones,  porphyries  and 
serpentines.  Whilst,  therefore,  we  are  unable  to  define  such  phamomena  on  the  small 
scale  of  our  General  Map,  we  have  attempted  it  in  the  social  Geological  Map  of  the  Ural 
Mountains,  wherein  three  classes  of  eruptive  rocks  are  distinguished  by  different  tints  of 
red  and  by  different  signs. 

As  the  Map,  Plate  VII.,  is  the  first  effort  made  to  give  a  geological  representation  of  the  Ural 
Mountains,  so  complex  and  diversified  in  mineral  features,  we  trust  that  our  labours  will 
be  viewed  with  indulgence  by  those  who  may  hereafter  have  much  greater  opportunities 
than  we  possessed  of  grappling  with  such  a  task.  Resides  our  own  observations,  however, 
we  have  endeavoured  to  compile  the  fragmentary  descriptions  of  various  |H»rts  of  the 
chain,  as  given  by  Hermann,  Erman,  Humboldt,  Rose,  Helmerscn,  Hofmann,  «cc,  and  to 

'  Sec  Geological  Map  of  England  by  Mr.  Murchison ,  published  by  the  Society  for  the  Diffusion  of 
I'scful  Knowledge. 

*  See  Maps  of  Brora  and  the  Hebrides  and  of  the  Austrian  Alp»,  Trans.  Geo).  Soc,  vols.  ii.  and  iii. 
new  scries,  and  Map  of  the  Silurian  Region  in  the  work  entitled  the  '  Silurian  System," 
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consult  the  local  maps  prepared  by  the  different  officers  of  the  Imperial  School  of  Mines 
alluded  to  in  the  text,  in  relation  to  the  districts  around  different  centres  of  wining 
operations.  But,  after  all,  the  spaces  being  considerable,  concerning  which  we  have  no 
information  to  be  depended  on,  we  have  necessarily  connected  the  broken  materials  in  the 
best  manner  in  our  power.  The  great  point  we  aim  at  in  the  Urulian  Map,  is  to  show 
a  regular  succession  of  the  unaltered  palaeozoic  deposits  (3,  2  and  1 )  on  the  west  flank 
of  the  chain,  until  they  reach  the  great  fissure  of  eruption  along  whic  h  they  have  been 
crystallised  and  metamorphosed  (e,  c',c»,  c8) ;  whilst  on  the  cast  flank  of  the  chain,  though 
much  dismembered  and  insulated  amidst  a  vast  spread  of  various  igneous  rocks,  the  same 
palaeozoic  masses  are  still  recognisable,  and  occasionally  become  quite  distinct  when  fol- 
lowed down  into  the  low  countries  of  Siberia  (as  on  the  river  Issetz). 

Humboldt,  Rose,  Helmersen,  Hofmann,  Erman,  Tchihatcheff,  Middendorff  and  other  ex- 
plorers of  Siberia  having,  through  the  fossils  brought  back  by  them,  satisfied  us  that  the 
same  rocks  we  define  in  the  Ural,  are  largely  developed  in  wild  regions  far  to  the  cast  of 
these  mountains,  so  we  are  led  to  hope,  that  the  classification  we  have  attempted  may  be 
of  use  iu  methodizing  the  arrangement  and  description  of  the  chief  Siberian  rocks. 

Another  object  is  to  show  at  a  glance,  that  although  originally  composed  of  sedimentary 
formations  essentially  the  same,  and  all  affected  on  the  same  great  meridian  strike,  the 
mountains  of  the  North  and  South  Ural  offer  some  remarkable  features  of  difference.  In 
the  former,  the  ancient  deposits  to  the  west  of  the  axis  contain  but  little  quartz  rock,  whilst 
in  the  broad  south-western  expansion  of  the  South  Ural,  such  rocks  (c1)  abound,  and  con- 
stitute some  of  the  loftiest  ridges,  including  the  Ircmel. 

The  gold  alluvia,  extending  to  the  river  Losva,  and  a  little  beyond  the  limits  of  the  Uralian  Map, 
(with  the  single  exception  of  Chrestovodsvisgensk,  near  Bissersk,  in  parallel  58^)  are 
found  on  the  eastern  side  of  the  great  axis  of  mineralization.  Taking  Ekaterinburg  as  the 
centre  of  these  auriferous  deposits,  they  may  be  seen,  as  indicated  by  the  bright  gold 
colours  dotted  at  intervals,  to  extend  pretty  nearly  as  far  south  as  north  of  that  city.  They 
die  away,  however,  in  the  parallel  of  Tanalysk ;  and  to  the  south  of  the  Lake  Aushkul  and 
Cossatchi  Datchi,  few  of  the  Rites  are  worthy  of  much  attention.  This  thinning  out  of 
the  gold  ore  is  accompanied  by  that  remarkable  change  iu  the  lithological  features  of  the 
southernmost  Ural,  whereby  schists  of  the  carboniferous  and  other  palaeozoic  rocks  are 
interlaced  with  countless  ridges  and  bands  of  porphyry,  in  contact  with  which  they  are  con- 
verted into  the  far-famed  Sil>crian  jaspers  (c3).  By  traversing  the  Ircndyk  Ridge,  which 
forms  the  chief  axis  of  the  South  Ural  in  the  parallels  of  Verkny  Uralsk  and  Kizilsk,  and 
also  by  crossing  the  end  of  the  chain  at  Orsk,  we  had  abundant  opportunities  of  con- 
vincing ourselves,  that  the  siliceous  and  flinty  schists  and  jaspers  are  simply  metamorphosed 
palaeozoic  strata  (often  carboniferous),  which  followed  from  north-north-west  to  south- 
south-east,  terminate  at  Kizilsk,  Urtazimsk  and  Tanalysk,  in  masses  of  carboniferous  shale, 
the  limestone  associated  with  which  is  replete  with  Product!  and  Encrinites. 
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In  venturing  to  colour,  geologically,  the  wide  tract  between  the  Ural  river  and  the  fort*  of 
Constantinovak  and  Michaelovsk  in  the  Kirghis  steppes  on  the  cast  (to  which  our  own 
researches  did  not  extend),  we  simply  desire  to  generalize  the  valuable  facta  obtained 
through  the  explorations  of  Colonel  Hclmcrsen  and  Captain  Tchaikofaky.  The  first-named 
has,  indeed,  shown  that  the  Djabyk  Karagai,  or  northern  end  of  the  Kara-Edir  Tau,  is  a 
continuation  of  the  same  granitic  range  which  we  traversed  between  Miask  and  Troitsk  : 
also  that  the  other  eruptive  rocks  on  either  flank  of  the  granite  are  greenstones,  porphy- 
ries, serpentines,  &c,  which  have  altered  and  metamorphosed  the  palaeozoic  strata,  as  on 
the  east  flank  of  the  Ural  Range,  producing  in  like  manner  chloritic  schists,  quartz  rocks, 
granular  limestones,  &c;  whilst  in  some  of  the  limestones,  encrinites  and  other  organic 
remains  occur  at  intervals.  This  range  of  Djabyk  Karagai  or  Kara-Edir  Tau,  is  seen  in 
the  General  Map  to  be  confluent  with  the  Mugodjar  ridge,  which  is  a  southern  prolonga- 
tion of  the  Ural ;  and  in  perusing  our  pages  the  reader  will  find,  that  the  granite  of  the 
Siberian  and  Kirghis  steppes,  which  occupies  such  large  surfaces  from  Miask,  and  ex- 
tends at  intervals  by  Ekaterinburg  to  Vcrkhoturie  on  the  north,  is,  as  already  stated,  the 
most  recent  eruptive  rock  of  these  regions. 

Our  extreme  eastern  limit  of  the  palaeozoic,  eruptive  and  metamorphic  rocks,  which  are  de- 
pendencies of  the  Uralian  chain,  is  necessarily  to  some  extent  arbitrary,  particularly  to 
the  south  of  Troitsk  ;  for,  though  at  certain  points,  such  as  Vcrkhoturie'  and  Kamensk,  we 
have  seen  tertiary  accumulations  succeed,  we  can  by  no  means  assert  that  they  are  con- 
tinuously extended  to  the  south.  The  range  of  such  tertiary  deposits  must,  we  know,  be 
circumscribed,  since  we  have,  by  the  examination  of  fossils  and  rocks  from  various  parts 
of  Siberia,  convinced  ourselves,  as  before  observed,  that  the  same  pahcozoic,  eruptive  and 
altered  rocks  which  are  laid  down  on  the  Map,  Plate  VII.,  occur  at  numerous  intervals 
throughout  Siberia  in  all  its  breadth  from  west  to  east ;  an  inference  that  has  heen  extended 
to  the  shores  of  Kamtschkatka  and  the  Isles  of  Shantar,  in  the  Sea  of  Okhotsk,  through  the 
explorations  of  M.  A.  Ennan  and  Professor  Middcndortf. 

In  colouring  this  Map,  we  have,  as  before  said,  adhered  to  our  old  principle,  of  representing 
all  eruptive  rocks  under  different  tints  of  the  same  colour.  Thus  the  greenstones,  syenites 
and  porphyries  (A)  are  in  the  darkest  tint  of  red  ;  the  serpentines  (6)  have  waved  vertical 
lines  on  a  base  of  red  ;  and  the  granites  {It*)  are  in  a  lighter  red  ;  all  of  them  being  made 
distinct  from  the  pale  red  of  the  azoic  rocks  of  Scandinavia,  as  represented  in  the  other 
Map,  Plate  VI. 

Of  the  Uralian  Map,  Plate  VII.,  we  need  say  no  more,  particularly  as  we  have  in  the  text  and 
elsewhere  acknowledged  with  gratitude  our  obligations  to  General  Perovski  and  others 
(especially  to  M.  J.  Khanikoff),  for  materials  which  have  given  to  the  southern  portion  of 
the  chain  so  fresh  a  geographical  character.  (See  Journal  of  the  Royal  Geograph.  Soc. 
vol.  xiv.) 
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Nor  can  we,  without  becoming  prolix,  enter  into  much  further  explanation  of  the  General  Map. 
Three  points  in  it,  however,  seem  to  require  notice.  The  first  is,  that  it  indicates 
a  clear  distinction  between  those  sedimentary  (azoic)  strata  (a)  which  preceded  all  traces 
of  animal  life,  and  those  palaeozoic  deposits  (I,  2,  3,  4)  which  are  charged  with  organic 
remains  ;  each  member  of  this  vast  group  being  specially  distinguished. 

The  second  point  is,  that  whilst  the  Tertiary  series  is  designated  by  three  colours,  which  on  the 
whole  stand  for  the  Eocene1,  Miocene  and  Pliocene  periods,  the  latter  is  specially  repre- 
sented in  South-eastern  Russia  and  the  adjacent  Asiatic  countries,  by  the  remains  of  a 
vast  internal  brackish  sea,  as  large  as  or  larger  than  the  present  Mediterranean,  which  must 
have  been  almost  entirely  separated  from  the  ocean.    (Sec  p.  652.) 

In  defining  the  outlines  of  the  deposits  of  this  vast  former  Mediterranean,  we  have  been 
guided  by  w  hat  we  know  of  it  from  personal  observation  in  the  steppes  of  the  Kirghis, 
between  Orenburg  and  Astrakhan,  and  in  the  tracts  adjacent  to  the  Sea  of  Azof,  the 
Crimnea  and  the  Black  Sea.  In  those  districts  we  clearly  distinguished  limestones  which 
hud  been  elevated  to  150  or  200  feet  above  the  sea,  from  sandy,  low  steppes,  in  which 
most  of  the  same  Caspian  remains  exist,  and  we  have  therefore  endeavoured  to  carry  out 
such  division,  by  employing  two  tints  of  the  same  colour  in  reference  to  far  and  distant 
tracts  of  which  wc  have  no  personal  knowledge,  but  which  from  the  description  of  various 
travellers  mentioned  in  the  work  arc  believed  to  be  of  the  same  composition.  The  darkest 
of  these  tints  (fig.  10)  represents  the  bottoms  of  the  earliest  Caspian  which  have  been 
elevated  into  rocky  promontories,  and  the  lighter  tint  (10*)  the  bottoms  of  the  same  sea 
subsequently  desiccated,  and  of  which  the  present  Aral  and  Caspian  are  the  greatly  dimi- 
nished existing  types.    (The  northern  raised  sea-bottoms  are  similarly  marked  10*.) 

Thirdly,  in  reference  to  the  very  striking  phenomenon  of  the  distribution  of  the  Scandinavian 
drift,  we  have  indicated  by  arrows  that  it  proceeded  excentrically  from  a  common  central 
region,  and  have  marked  by  an  engraved  devious  line  (coloured  red)  the  extreme  points  to 
which  the  erratic  blocks  have  been  transported  southwards  and  eastwards. 
Lastly,  notwithstanding  the  imperfections  which  must  pertain  to  the  first  geological  maps  of 
such  vast  and  slightly  explored  regions,  wc  trust  that  our  endeavours  to  extend  the  newest 
British  classification  into  Asia,  and  thus  to  co-ordinate  large  portions  of  the  globe,  will  be 
adequately  appreciated  by  those  who  are  aware  of  the  difficulties  we  have  had  to  en- 
counter, and  the  importance  of  the  objects  in  view.  In  truth,  the  region  we  have  ventured 
(perhaps  too  boldly)  to  illustrate,  is  nearly  twice  as  large  as  all  those  portions  of  Kurope 
hitherto  described  by  geologists ;  and  this  fact  alone  must  be  our  apology  for  inevitable 
inaccuracies  of  detail,  particularly  in  reference  to  the  countries  which  surround  the  area  of 
our  personal  explorations.  In  conclusion  we  would  merely  say,  that  if  the  principle  of 
geological  arrangement  be  found  correct,  our  great  object  is  accomplished. 

1  8«*  Apprndi),  p.  651. 
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The  fin* 

nitively  com 


ains  had  been  den- 


•  Chapter  111.  (SkeVol.U0 


to  the  ichtbyolites,  some  of 


c  24*,/cr  Hoffman  read  Hofiuann. 

■  42,  for  RcUrropken  armatu*  read  Porcellia  armata,  the 
name  Porcellia  of  L'Eveillc*  bring  preferred  for 
certain  shells  approaching  to  Bellerophon. 
•  43,  for  Prwluciut  qnnom  read  /'.  rprmuloeus. 

jp.  28  and  30  i-eswf  pp.  29*, 


 43,/or  reference  t 

30  and  30*. 


-  45,  fur  Ijjf/trna  prr/t{uctt>utr*  read  Produetut  produc- 

toidet. 

-  45.  The  Orlkoeeraltlet  tubfiunformit,  which  we  have  only 

»cen  in  fragments  buried  in  the  rock,  may  very  pro- 
bably be  the  tame  »bell  as  the  O.  tubpyrifirmu, 
which  we  collected  in  the  Devonian  atrata  of 
Yoroaeje. 

-  45  el  try.  far  Priutchka  read  Priluha. 

-  57.  for  Orlkit  ttriatuhtt  read  O.  ilriahda. 

■  58,  for  TrrebratuJa  plrbeia  read  T.  Putckiana  \  aiiice  we 

now  believe  this  form  to  lie  a  new  species. 

-  60,  for  Lrptana  armata  read  /..  (CKtmeltt)  armata  (Bou- 

chard); we  lave  since,  however,  seen  reason  to 
believe  that  thit  species  ia  distinct,  and  have  named 
it  Vktwtet  mnia. 

-  61.  for  Leptana  caprrata  read  Produetut  caprraJtia. 

-  68  (note).   The  sketches  of  certain  characteristic  ichthy- 

olitca  announced  to  be  given  by  Prof.  Agauiz  in  the 
Third  Part  or  Second  Volume  of  thii  work,  have 
not  been  sent  to  the  Authors :  for  the  structure  of 
three  genera  of  Devonian  ichthvolltes,  see  PI.  II. 
VoLII. 

-  69,  line  9,  fir  letter  e  upon  the  Map  read  No,  3  upon  the 

Map. 

■  70,>r  Priutchka  read  Priksha. 

-  72  and  75,  for  Cidarilet  Deacabkmit  read  C.  Rotticut 

(V.Buch). 

-  72  and  76,  for  Ortkit  aracknaidet  read  O. 

■  73,  for  -Tricaii  laUaica  read  Pertn  faldainu. 

■  79,  line  26,  far  Catrnipora  read  Svhi 

•  79  and  83,/or  Oeetre  and  Ore 
•80,  Vuwi.  fir  AiiomiaresxfAi 

•  80.  line  13  (below  the  woodcut), /or  tertiary  r« 

-  87  and  159.  fir  Alveolinje  read  Fuwilina:  v»ee 

p.  135). 

.  103,  for  valley  of  Kameuka  read  near  Kameuka. 

.  111.  Orlhit  ptauittima.  This  name  having  been  ero- 
plnved  in  the  collection  of  the  Imperial  Mining 
Corps,  we  osed  it.  but  have  since  identified  the  shell 
with  0.  araehtoidea  (tvpra). 

■  1 15,  for  Produetut  korridtu  read  P.  Leplayi. 

■  115, 131,  133,  for  Lrplama  tarcmulata  read  Ckanelet  tar. 

ehndata;  this  species  having  been  made  by  us  the 
type  of  tbe  genus  Chonetes. 

■  135,  line  3,  for  Product*!  com/win  read  P.  tnutttriatut 

(nob.). 

■  131,  Une9,  for  Product*!  qnadriradiatut  read  Spirtfer 

quadriradiatut. 


Page  134,  line  25.  for  SautUut  Leplayi  (nob.)  read  .V.  Isptayi 
(Rousseau). 

—  135,  line  11.  Tbe  Carotmta  rttepora  a  a  misprint.  The 
corals  here  alluded  to  belong  to  the  genus  Fcnea- 
tella  (see  Description  of  Corals,  Appendix). 

 139  el  tea.  fir  rohtctodte  read  rothe-todte-liegende. 

  1 13,  for  Kapoymaya  read  Rapolmaya. 

 143, fir  Gorodok  oi  read  Gnrodok  on  thcTchusaovaya. 

  167,  fur  Retepora  read  Penestella. 

  1 74,  for  Caiatnopora fibrota  read  Stenapora  cratm  I  Lona.). 

 209'and  22^/^™  l™>7atl" cvT  «J7\Ula"\arotuv*m; 

 21 1  (note),  for  Timans  read  Tinun. 

 221,  for  TubuUclidia  read  Stnopora. 

 231,  for  Bclemuitn  PusotUmut  read  B.  Puzotianta. 

 232,  line  9,/or  Gryphe  read  Cry  phiwe.  ' 

 234,  for .immomte* Kounutiauui  read./,  cormatut  (Brug. 

suns  Scbiotfa.),  as  re-determined  by  M.  Alcidc  d'Or- 

bigny. 

 237,/er  Inoceramin  grit  read  Avicula  grit.    M.  von  Buch 

has  recently  named  tl 
cuia  Motauentit. 

 245,  for  norodltche  btbn*  read  Goroditche 

birsk. 

  240.  for  Orbinta  aualit  read  O.  Mavtit. 

 HO,  fir  weat-north-west  of  Simbirsk  read  north  of  S 

birsk. 

 266,  for  fooceramui  eritla  eaili  read  Ottrea  critia  ga. 

 274,  to  the  name  Amwamitet  Pander x  add  (Eiebw.). 

 298,>r  Hindoo  Kusk  read  Hindoo  Kush. 

 337,  line  4,  for  conquett  of  Siberia  read  e 

Siberia. 

 341  (note),  for  M.  Baalner  read  M.  Dasinier. 

 342  and  398.    Konshakofski  or  Kondjakofski  is  spelt 

(Atujbxi)  Konjakofski  on  the  Map,  PI.  VI. 

of  ibis  chapter,  read  the  fron- 


  347,  line  \,fir  at  the  head  of  t 

tispiece  to  this  work. 
396,  line  I,  tcAeee  /  Here  it  au  ow  isri  ou ,  read  north,  and  for 

R.  Losva  read  Lohva. 
—  410,/or  Sophiuaa  river  read  Sopliusa. 

 411,  line  2  from  bottom,  fir  (see  aare.  p.  18),  read  p.  23. 

 453,  line  21.  fir  greenstone,  porphyritic  greenstone,  reorf 

 523,/or  Kol'ia  rend  Kolo. 

 526,/«r  Gletniu  read  Gleiwlta. 

 UU.fir  Wallachia  read  Walachia. 

 568,  woodcut  72,  for  b  placed  over  the  water,  read  e. 

 568,  over  woodcut,  fir  ancient  level  of  lake  read  ancient 

levels  of  lake. 

N.U.  For  orthography  of  Russian  wonts  employed  in  this 
volume  and  on  tbe  Maps,  see  p.  658. 
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St.  Petersburg.  August  1845. 

this  place  after  our  volumes  were  printed,  but  before  they  were  put  into  general  circula- 
tion, we  have  availed  ourselves  of  some  of  the  most  recent  observations  in  Russia  to  improve  our  Map, 
Plate  VI.  Thus,  through  our  friends  M.  Pander,  who  had  just  returned  from  a  geological  excursion,  and 
Mr.  Frears,  a  resident  at  Moscow,  we  learned  that  a  thin  band  of  ferruginoargillaccous  pisolitr  containing 
Belemnites,  had  been  observed  to  form  the  bast  of  the  Jurassic  deposit  (Oxfordian)  at  several  places  around 
that  metropolis  (Oregorievo,  Podolsk,  Miatchkova,  Bronnitzi,  and  on  the  little  river  Koloksha  near 
Vladimir).  In  all  these  places  the  pisolite  is,  we  are  assured  by  M.  Pander,  precisely  identical  with  that 
of  Popilani  in  Courland ;  and  in  the  government  of  Moscow  it  reposes  directly  upon  the  carboniferous 
limestone.  The  zealous  researches  of  these  Kussian  friends  have,  in  fact,  greatly  extended  our  knowledge 
of  the  limits  of  the  Jurassic  deposits,  particularly  of  the  overlying  sandstones,  which  seem  to  occupy  con- 
siderable portions  of  the  plateaux,  leaving  the  carboniferous  limestone  exposed  in  the  larger  river  valleys 
and  gorges  only.  In  a  tract  north  of  Medinsk  the  Jurassic  shale  is  so  bituminous,  that  it  might  be 
mistaken  for  a  true  carboniferous  deposit,  like  certain  beds  of  the  same  age  described  by  us  near  Simbirsk 
<p.  245). 

In  respect  to  the  region  around  Moscow  we  may  also  remark,  that  M.  Pander  has  detected  remains  of 
Mammoth  and  Rhinoceros  in  reddish  clay  covered  by  erratic  blocks  eight  versts  to  the  south  of  Verchni 
Volotchok,  and  in  one  of  these  localities  fractured  flints  of  the  carboniferous  limestone  are  seen  to  alternate 
with  bands  of  reddish  clay.  Bones  of  extinct  quadrupeds  had,  indeed,  been  previously  found  in  the  vicinity 
of  Moscow,  but  their  true  original  position  was  unknown,  as  they  had  usually  been  picked  out  of  the  river 
lieds  into  which  they  had  fallen  from  the  contiguous  cliffs.  The  observations  of  M.  Pander  arc,  there- 
fore, most  important  in  convincing  us.  that  such  remains  occur  in  an  ancient  drift :  we  may  well  believe 
that  the  animals  of  which  these  arc  the  bones,  were  flouted  out  to  sea  from  the  nearest  lands  of  a  former 
epoch,  and  their  skeletons  deposited  (like  those  near  Taganrog,  p.  502)  in  gravel,  sand  and  clay.  In  one 
spot  300  vcrsts  south  of  Petersburg,  and  twenty  vcrsts  south  of  the  river  Kulomenka,  M.  Pander  further 
found  the  horns  of  a  stag  in  gravel  or  drift  twenty-one  feet  below  the  surface,  and  covered  by  fine  yellow 
sand,  which  is  surmounted  by  clay  and  northern  erratic  blocks. 

Our  last  visit  has  also  been  productive  of  some  additional  acquaintance  with  the  limits  of  the  Silurian 
and  Devonian  rocks  south  of  St.  Petersburg.  Thus,  whilst  the  country  south  of  Gatchina,  and  for  some 
versts  to  the  south  of  that  town,  is  composed  of  a  yellowish  magnesian  limestone,  containing  Silurian 
Orthida?  and  Trilobites  (similar  we  believe  to  those  species  found  by  us  in  the  strata  on  the  Vloia.  p.  30*), 
true  Devonian  rocks  succeed  near  Sivoritzki  at  about  twelve  vcrsts  south  of  Gatchina,  in  greenish  grey, 
micaceous  sandstone  and  marly  limestone,  followed,  at  some  versts  further  south,  by  red  sands  and  sand- 
stone, identical  with  those  of  Dbrpat  and  of  the  river  Mgra  near  Vitegra.    Ichthyolites  are  found,  at 
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intervals,  throughout  this  micaceous  sandstone,  which  forms  a.  striking  escarpment  in  this  country  of 
broad  undulations'. 

Wc  have  next  to  express  our  regret,  that  owing  to  some  accident  in  its  transmission,  we  did  not 
receive  a  memoir  by  Major  Ozcrsky '.  which  gives  a  very  clear  and  faithful  description  of  the  detailed 
succession  of  the  strata  that  constitute  the  Silurian  group  of  north-western  Esthonia.  After  a  very  good 
account  of  the  physical  features  of  that  tract,  he  describes  a  number  of  natural  sections  to  the  west  of 
Keval,  both  on  the  coast  and  in  the  interior,  as  well  as  in  the  Isle  of  Dago*,  and  he  divides  the  Silurian 
rocks  into  three  members.  The  L'ngnlite  sandstone  there  forms  (as,  indeed,  Eichwald  and  others  have 
observed)  the  base  of  the  cliffs,  which  in  ascending  order  consist  of  inferior  grit,  bituminous  schist  and 
greenish  sandstone.  This  lowest  member  is  followed  by  chloritic  limestone,  capped  by  a  band  of  sand- 
stone and  surmounted  by  a  considerable  thickness  of  limestone  to  which  the  author  applies  the  term 
"  Flicsscn-kalkstein,"  dividing  it  into  lower  and  upper  beds.  The  third  and  uppermost  division  (also 
calcareous)  is  separated  by  him  into  a  coarse-grained  crystalline  limestone  beneath,  and  a  compact  though 
occasionally  sandy  limestone  above,  which  constitutes  the  highest  stratum  he  observed.  Besides  the 
Obolus  or  Ungulitc,  the  lowest  of  these  divisions  contains  the  coral  Gorgonia  flabellifarmti  (Eichw.),  and 
its  upper  beds  the  Siphonotrtta  vtrrucota  (nob.)  (Terebratula,  Eichw.).  The  middle  group  is  (as  described 
by  us  near  St.  Petersburg4)  the  great  storehouse  of  organic  remains,  and  in  the  districts  which  he  illus- 
trates Major  Ozcrsky  shows  that  it  is  more  expanded  than  in  any  tract  we  have  personally  examined, 
whilst  the  fossils  ore  those  which  we  have  enumerated  and  described.  The  upper  group  of  this  author  is 
precisely  that  band  which  wc  have  described  near  Sbavli,  Mcshkovitza,  Obcrpohlcn,  Ac,  and  which,  as 
we  have  indicated,  gradually  disappears  with  the  eastward  range  of  the  Silurian  rocks ;  for  it  contains 
our  Pentamerus  borealit  (Gypidia,  Eichw.),  and  also  several  corals. 

lu  expressing  our  obligations  to  Major  Ozcrsky  for  his  lucid  memoir,  in  which  he  dcrclopcs  the  litholo- 
gical  features  of  each  substratum  with  a  precision  worthy  of  so  good  a  mineralogist  as  himself,  we  ore 
however  at  variance  with  his  concluding  comparisons,  wherein  he  endeavours  to  find  exact  parallels  for 
each  of  his  lithologicol  subdivisions  in  the  English  detailed  order  of  the  Silurian  rocks,  as  seen  in  certain 
typical  British  tracts.  His  upper  continental  .stratum  is  thus  considered  by  him  to  be  the  representative 
of  the  Ludlow  rocks ;  whereas  in  our  estimate  there  is  not  a  vestige  of  that  formation  in  any  portion  of 
the  mainland  of  the  Russian  Baltic  provinces ;  though  it  has  a  distinct  existence  with  many  characteristic 
fossils  in  the  Isle  of  Oescl  as  determined  by  M.  Pander  (p.  35).  The  superior  portion  of  the  uppermost 
group  of  Major  Ozersky  may,  indeed,  where  loaded  with  such  corals  as  the  Catenipora  ticharoides  and  Favo- 
*itr$  Gothtandica,  be  assimilated  to  the  Wenlock  limestone  ;  but  the  lowest  bed  of  this  calcareous  mass, 
which  is  charged  with  Ptatamrru*  borcalit  (closely  akin  to  P.  oblongui),  is  clearly  on  the  same  level  as 
the  Horderlcy  and  Woolhopc  limestone  of  England,  a  point  which  we  have  indeed  completely  explained 
as  respects  Scandinavia,  Russia  and  North  America  (pp.  5*.  12*,  34»).    This  Pentamerus  bed  forms  so 

1  Wc  made  an  excursion  to  this  neighbourhood  with  M.  Worth  and  Professor  Kutorga,  who  had  previously 
observed  the  chief  relations  here  alluded  to. 

•  See  the  volume  of  the  Imperial  M  ineraiogical  Society  of  St.  Petersburg,  1844. 

'  At  p.  35  we  hove  considered  Dago  as  Upper  Silurian,  and,  in  fact,  the  Wenlock  or  Dudley  corals  arc  there 
abundant  in  its  uppermost  stratum  ;  but  this  Ule  contains  the  Pentamertu  borratu  and  other  fossils  which  pertain  to 
the  LoWCI  Silurian  strata,  none  of  which  arc  seen  in  Oriel. 

*  In  addition  to  the  proofs  we  have  already  adduced  of  the  limestones  of  St.  Petersburg  being  of  Lower  Silu- 
rian age,  we  beg  to  mention  that  our  friend  M.  Volborth.  who  has  so  assiduously  collected  the  fossils  of  this  rock 
and  described  some  of  its  Crinoidea,  has  detected  in  it  the  same  Aynottta  (Battus)  which  so  distinguishes  true  Lower 
Silurian  rocks  at  Kinnckullc  and  other  places  in  Sweden  and  Norway. 
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clear  a  horizon  in  separating  the  Lower  and  Upper  Silurian  rocks  over  all  parts  of  the  globe  where  they 
exist,  that  so  long  as  the  original  English  classification  be  appealed  to,  no  sort  of  doubt  can  be  entertained, 
that  every  layer  beneath  it  must  be  grouped  with  the  Lower  Silurian,  as  represented  in  our  table  attached 
to  the  Map,  PI.  VI. ;  and  it  is  therefore  quite  impossible  to  admit,  that  the  chief  limestones  of  Esthonia, 
which  underlie  that  Pentamerus  rock,  can  be  compared  with  the  Wenlock  limestone.  But  in  differing 
from  Major  Ozersky  as  to  his  comparisons  of  Russian  deposits  with  those  English  formations  with  which 
we  are  necessarily  well  acquainted,  we  have  specially  to  thank  him  for  his  excellent  details  of  local  suc- 
cession, and  for  pointing  out  other  phienomena  of  some  importance.  One  of  these  is  the  presence  of  n 
coarse  conglomerate  of  fragments  of  crystalline  rocks  (our  Azoic)  in  the  L'ngulite  sandstones,  thereby 
proving,  that  even  in  Russia  the  Lower  Silurian  strata  have  been  constructed  out  of  rocks  antecedently 
crystalline,  just  as  we  have  proved  to  have  been  the  case  in  Scandinavia.  Another  of  these  phenomena 
(confirming  our  anticipations  and  of  great  value  in  sustaining  our  views  derived  from  other  localities,  see 
pp.  328,  324,  539)  is  the  existence  of  raised  sea  beaches  containing  remains  of  species  of  shells  still 
living  in  the  adjacent  Baltic  ;  such  as  Car/Hum  cthiie,  Myttitu  eduiit,  and  Ttllina  Baltica :  which  fact,  com- 
bined with  the  evidences  afforded  by  banks  of  gravel,  sand  and  blocks,  clearly  points  to  a  comparatively 
recent  elevation  of  Rsthonia,  and  hence  of  all  the  flat  regions  of  Russia.  The  author  further  offers  proofs 
of  the  polish  and  striation  of  the  denuded  limestones — appearances  referred  by  him  to  the  action  of 
floating  ice.  Being  for  a  moment  on  a  subject  which  we  have  handled  at  some  length  in  the  preceding 
pages,  we  may  observe  that  during  our  present  stay  at  St.  Petersburg  we  have  observed  the  phaenomenn 
on  the  surface  of  the  yellow  Silurian  limestone  south  of  Oatchina  before  alluded  to,  where  it  was  first 
noticed  by  M.  Worth  and  Professor  Kutorga.  It  is  also  worthy  of  a  comment,  that  in  the  neighbourhood 
of  Oatchina,  where  the  striation  and  polish  are  seen,  there  arc  no  accumulations  of  fine  gravel  or  loose 
drift  ;  huge,  northern  erratic  blocks  only  occurring  abundantly.  In  such  instances,  we  willingly  admit 
that  the  polish  and  striation  may  have  been  produced  by  the  onward  motion  of  ice-floes  (carrying  these 
blocks)  which  stranded  in  shallows  and  grated  along  the  subjacent  rocks.  Such  an  action,  however,  we 
again  maintain  could  never  have  been  adequate  to  the  uniform  maceration,  smoothing  and  grinding  down 
(in  the  manner  we  have  described)  of  all  the  northern  faces  of  the  crystalline  rocks  of  Finland.  Sweden, 
and  of  the  myriads  of  isles  of  the  Bothnian  Gulf. 

We  have  next  to  acquaint  our  readers,  that  the  Map,  PI.  VI.,  has  received  considerable  improvement 
at  its  north- eastern  extremity  from  the  researches  of  the  distinguished  botanist  Schrenk,  who  in  the  year 
1836.  and  previous  to  his  arduous  tour  in  South-Eastcrn  Siberia  and  along  the  Chinese  frontier 1 ,  gallantly 
faced  the  most  inhospitable  of  all  the  Arabian  tracts,  and  traversing  the  wilds  of  the  Samoyedes  to  the 
Straits  of  Vaigatz,  not  only  determined  the  physical  geography  and  natural  history  of  the  region  forming 
the  end  of  the  Arctic  Ural,  but  also  brought  back  collections  sufficient  to  establish  geological  demarca- 
tions in  a  country-  which  may  not  for  a  century  be  visited  by  any  other  man  of  science4. 

Whilst  on  the  subject  of  new  discoveries  in  the  boreal  tracts  of  Russia,  we  may  mention,  that  the 
enterprising  traveller  Professor  Middendorf  of  Kief  has  brought  back  with  him  from  the  shores  of  the 
Arctic  Sea  (between  the  rivers  Obe  and  Una),  numerous  fossil  shells  which  on  inspection  we  had  no 
hesitation  in  identifying  with  those  Oxfordian  types  with  which  we  had  become  familiar  in  many  parts 
of  European  Russia.    Associated  with  numerous  Beleranites  and  true  Ammonites,  we  detected  also  those 

1  See  last  Anniversary  Discourse  of  Mr.  Murchison  as  President  of  the  Royal  Geographical  Society.  Journal 
of  the  Royal  Geographical  Society,  vol.  15,  p.  ci. 

1  The  chief  geological  data  resulting  from  an  examination  of  M .  Schrenk's  fossils,  will  be  given  in  the  forthcoming 
work  of  our  friend  and  coadjutor.  Count  Kcyscrliog,  on  the  Tunaa,  Pctchora,  etc.,  which,  as  wc  have  previously 
said,  furms  a  natural  sequel  to  these  volumes. 
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chambered  shells  with  dentated  lobes  called  Ceratites,  one  species  of  which,  indeed,  not  having  Any  of 
these  indentations  or  serratures,  might  be  referred  to  that  division  of  Goniatites  which  are  distinguished 
by  rounded  lobes.  We  thus  learn  how  dangerous  it  is  to  generalize  upon  the  age  of  a  rock  from  the 
presence  of  anyone  fossil  body;  for  had  these  Ceratites  been  alone' or  even  in  predominance,  some 


geologists  might  have  associated  the  Siberian  beds  with  the  Muschclkalk,  or  even  with  older  formations  | 


their  nacre)  bespeak  in  the  clearest  manner  the  true  age  of  these  deposits. 

Lastly,  we  arc  indebted  to  our  friend  Colonel  Hclmcrsen,  for  having  made  known  to  us  a  highly  im- 
portant and  curious  discovery  of  Professor  Abich  of  Dorpat.  on  the  northern  flank  of  the  Great  Ararat, 
near  the  monastery  of  Korverab  and  in  the  valley  of  the  Amies ;  where  he  has  detected  numerous  Pale- 
ozoic fossils,  among  which  he  cites  the  Spiri/rr  tpeciosvt,  S.  ostiolalvs,  S.  aprrluratus,  with  OrthioV. 
Terebratula\  Lingular,  and  the  characteristic  corals  Calenipora  rtcharoidrs,  Cyatkophyllum  Jlervosvm,  Fa- 
t  osiles,  &c. 

This  announcement  is  the  more  interesting  to  geologists,  as  no  researches  of  other  traveller!1  have 
shown  the  existence  of  any  formations  of  the  paheoioic  age  in  those  eastern  regions  which  form  the 
south-eastern  extremity  of  our  Map.  PI.  VI.,  the  greater  number  of  whose  solid  rocks  have  been  referred 
to  the  cretaceous  period.  If,  indeed,  we  might  venture  to  throw  out  a  surmise,  we  should  be  inclined 
to  think,  that  the  palaeozoic  band  on  the  upper  Araxca  is  the  eastern  continuation  of  rocks  of  Silurian 
age  which  show  themselves  on  the  southern  slopes  of  the  Balkan,  and  constituting  portions  of  the 
Thritcian  Bosphorus,  may,  after  some  detailed  researches,  be  found  here  and  there  in  the  intermediate 
space  of  Pontus,  Iiithrnia  and  Paphlagonia, 


whereas  a  multitude  of  the  most  common  of  the  Jurassic  forms  (including 
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Aa  river  (Livonia),  Devonian  fishes  from  the  bank  of,  i2_ 

Abbott,  ('apt.  ).,  his  journey  from  Khivah,  3JJL 

Abich,  IVofcasor,  on  green-grained  limestone,  W 

Abo  and  Aland,  striae  on  the  rocks  in  the  neighbourhood  of,  431. 

Actnnlrpit  tu&rrculatiu  (Ag.),  Devonian  Icbthyolite  of  Russia 

and  Scotland,  23. 
Adacna  rdrntula  and  A.  protract  a,  fossils  of  the  Caspian,  9SA 

rt  *tq. 

Aerolite*,  supposed,  at  Usthig-veliki,  are  erratic  blocks,  MU, 
Africa,  SUuhan  rocks  of,  Hi;  Jurauic  rucks  of,  *3r 
Agassiz,  Prof.,  his  account  of  the  foistl  fishes  of  the  Devonian 
system  ■■  Ruiaia,  22,  <M**-  OS.  (See  Description  of  vol.  ii.) 

,  hi»  notice  of  the  fouil  fishes  of  the  Kupfer 

Mkte,  214. 

 -,  bit  theory  of  drift  u  moved  by  glaciers,  S(W 

Age  of  the  coal  in  the  Donctz  Held.  1£L 
1       rocki  of  the  Ural  chain,  U1L 
Ai  river  (South  Ural),  encrinital  limestone  on  the  banks  of  the, 
W. 

Aikin,  Mr.  A.,  his  memoir  on  Cailrr  Idris,  Oili ;  his  explanation 

of  the  occurrence  of  copper  ore  in  a  turf  bog,  DHL 
Ainsworth.  Mr.  W.,  his  descriptions  south  of  the  Black  Sea, 

6-17.  656. 

Ak  Burun  (Crima-a),  fossiliferous  marine  beds  found  at,  3(M 
Akri-tau  (S.  Utml),  grey  psammitea  of  the,  ItiO. 

,  relations  of  the  Carboniferous  rocks  on  the 

flanks  of  the,  ISO. 
Alabaster  (Permian)  and  gypsum  near  Sterlitamak,  Lafl. 
•  on  the  Ik,  Lifi;  at  Barniikova,  Ifl7 

 .,  on  the  Pinega  am)  Dwina  rivers,  17a.  173 

Ala-tau  (South  Ural),  conglomerates  of  the,  Mft 

Aland  and  Abo,  striae  on  the  rocks  near,  43JL 

Aiatyr,  western  limit  of  the  Jurassic  basin  of  Lover  Volga,  211. 

Akytmit,  stems  of,  found  in  the  sands  near  Saratof,  375. 

Alexander.  IL  L  li.  tlie  Grand  Duke,  his  aacent  of  the  Ural  peaks. 

( See  lithographic  frontispiece  of  Part  L  and  pp.  434,  653.) 
Aleiandrofak  (coal-rkhl  of  the  Donctz),  crystalline  rocks  oe- 

tween  that  place  and  Paolograd,  all 
 ■  ,  coal  at,  ttfl. 

 ,  Zavod  of,  in  the  Ural  mountains,  WW 

Alexins  (Tula),  carbonaceous  layers  with  sand  and  shale,  ZA. 

,  fossils  in  the  carboidferous  limestones  of,  Z2L 
Alina  (Ural),  Devonian  rocks  at,  A&L 
Alkovaia  (Donctz),  carboniferous  sections  north  of,  Htft. 
Alleghany  or  Appalachian  chain,  Silurian  rocks  of,  4*. 
Alluvia.    See  also  Amrifmnu  alluvia,  and  Drrn/wa. 
Alluvia  (gold),  nature  of  on  the  Ural  mountains,  4?fl 

,  limits  of,  123;  of  Nevunsk,  aHH. 
 ,  of  Cotsatchi-datchi.  43^  iiLL 

,  of  the  environs  of  Ekaterinburg,  ilii. 
 ,  of  Chrrstovodsvisgcnsk  near  Bissersk.  390.  48<>. 

,  of  Pcshanka,  *Jtt;  of  Soimanofsk,  liX. 

,  of  Miask  and  the  Lake  Ausbkol,  ilUL 

.  hypothesis  concerning  the  origin  of,  4'.ri, 
Alluvial  detritus  on  the  flanks  of  the  Ural,  118,  12]  tt  aey. 
Alluvium  in  Russia  in  Europe,  condition  of,  SILL 
Alterations  of  level,  instances  of  in  Russia  on  a  grand  scale.  481, 
Altered  rocks,  near  Lake  Onega,  82;  in  the  Ural,  352  tt 
Alternation  of  schists  with  porphyries  in  the  Irendvk  (South 
Ural),  152* 


Alum-shale  of  Norway,  12. 

Alum-slate  near  the  Palls  of  Trolllurtten  in  Norway,  Li. 
America,  North,  Silurian  rocks  of,  i*. 

,  South,  Silurian  rocks  of,  & 
Amherst,  Lady  Sarah,  Indian  Jurassic  fossils  collected  by,  2.141. 
Ammonite  beds  on  the  Volga,  231;  on  the  Oka,  £ii:  »n  the 
Moskwa.  £UL 

Ammonites  of  the  Crimea  like  those  of  the  Lower  Alps  near 
Digues,  SM. 

Ammamiln  Haiti,  a  fossil  common  to  the  Euglisli  and  Russian 

Oolites,  243. 
■      Hogtioantu,  its  resemblance  to  Crratilet,  196. 
— —  cantatas,  presence  of,  in  the  Jurassic  shales  at  Saka- 

lofskie  on  the  Volga,  ±UL 
 mtempttu  and  triples,  two  species  found  in  India 

and  in  the  Oxford  clay  of  England,  257 
 viryahu,  a  prevailing  Jurassic  fossil  In  the  Moscow 

basin,  236. 

Analogies  between  the  Silurian  rocks  of  Russia  and  England,  5. 

 (Devonian),  12  efaef..  60, 63,381;  (Carboniferous), 

1 13.         U'5,  135.  363.  jlhfi,  4  in. 
Analogy  of  the  Permian  fossils  of  Russia  with  those  of  Western 

Europe,  213 ;  analysis  of,  215. 
Analysis  of  the  TeAonsorrm,  or  black  earth  of  Russia,  45JL 
Andoma,  near  Vitegra.  sections  on  the,  of  Devonian  and  carl  to- 

uiferoua  rocks.  48, 21:  absence  of  drift  on  the,  516. 
■         river,  ichthyolites  near  the  mouth  of.  a£L 
Angular  blocks,  elevated  ridges  of,  near  river  hanks  and  former 

lakes,  explained  by  breaking  up  of  ice,  566,  Mis 
Amianff,  General,  his  important  services  to  the  Imperial  Govern- 
ment at  Zlataiist  and  great  kindness  to  the  authors,  317. 

187.  ASH-  See  also  description  of  lithograph  faring  p.  437. 
Anthracite,  vicinity  of,  to  crystalline  rocks, 
 ,  important  beds  of,  at  Popofskoe,  In  the  Donrtz 

coal-Held,  tOL 

,  excellence  of.  in  the  Donctz  coal-field,  1112. 
Anthracitic  and  hituminous  coal-fielda  of  the  south  of  Russia, 

division  of  the  carboniferous  series  into,  lilfl. 
Anticlinal  axis  In  the  carboniferous  rocks  of  the  Donctz,  1113. 

 of  carboniferous  limestone  near  Sterlitamak,  131. 

 in  the  valley  of  the  Sakmarka,  1  is, 

— — — — —  at  Tchismas,  on  the  Tchussnvaya,  387. 
Antipofka  (Lower  Volga),  tertiary  sands  and  marlstones  of,  '177. 

,  tertiary  beds  of  the  Eocene  period  at,  'iKH. 
Antipofka  grits,  their  resemblance  to  the  Bognor  rocks,  2&L 
Alar  or  Osar,  ridges  of  drift  nf  Sweden,  described,  ILL 
Appalachian  eliain,  analogy  of  the  elevation  of  the  Ural  with 

that  of  these  mountains,  182, 
Aqueous  transport  of  the  Scandinavian  drift,  546 
Aral  sea,  ancient  limits  of  AraUi-Caspiao  beyond  the,  2112. 

,  ita  relative  level  compared  with  that  of  theCaspian,  322. 
,  west  shores  of,  according  to  M.  Baainier,  383.  falsi. 
 ,  true  level  of,  not  obtained  by  barometrical  observa- 
tions, 

 ,  corrections  in  the  map  of  the.  3iL 

 ,  motiincatinns  of  the  author's  views  concerning  its 

ancient  extent,  8L 
Aralo-Caspian  region,  north-western  limits  of,  .'l-Ti. 
Aral o- Caspian  deposits,  meaning  of  the  term,  SAL 
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Aralo-Caspian  deposits,  condition  of  western  boundary,  2&L 
,  conclusions  concerning,  222. 

Aralo-Caspian  or  Steppe  litneatone,  meaning  of,  222* 

 ,  description  of,  222. 

 ■  ■  *  conclusions  drawn  from  the 

monotonous  brackUh.watcr  nature  of  ita  zoological  cha- 
racter, 'JMl ;  conclusion*  modified,  fiai. 

 ,  general  section  of,  from  the 

so>  of  Aiof  to  that  of  Aral,  311 

Area  Orrtiant,  a  Devonian  ahetl  at  Orel  and  Ottrada,  56^  5£. 

Archangel,  fundamental  rock  beneath,  probably  Devonian,  12, 

 ,  red  and  green  Devonian  marls  between  it  and  Uncga. 

tt. 

 •,  white  carboniferous  limestones  of,  23. 

■,  Permian  rocks  in  ascending  the  Dwina  from,  178. 
,  estuary  deposits  of  the  Dwina  at,  iiiL 
Arcbangrlakaya,  north-east  of  Kargopol,  fossils  and  ledges  of 

carboniferous  limestone  at,  7JL 
d'Archiac,  Vicomte,  his  memoir  on  palaeozoic  fossils,  2. 

.   on  the  formation  Crctacee,  2K1.  2H2. 

Arctic  Ural  and  Tiraan  Range,  general  account  of,  1111  rt  sea. 

 -,  geological  conclusions  from  the  examination  of,  1 UL 

Ardwick,  near  Manchester,  presence  of  a  Permian  species  of 

fish  in  upper  carboniferous  rocks  at,  >H. 
Argillaceous  schist  with  auriferous  veins  near  Miask,  1A&. 

  limestone  (Lower  Silurian)  between  Isvoak  and 

Petropavlosk  on  the  Volkof,  :±L 

  iron  ore  in  small  quantities  only,  associited  with 

the  coal  at  Litaitchia-Ualka  (Donctz),  liliL 

■  limestone  concretions  (Jurassic)  at  Yaasili-Mai'dan, 


1H, 


and  siliceous  masses  representing  the  cretaceous 
series  in  the  government  of  Kharkof  and  Kursk,  2BL 
Arkose,  or  Lowest  Silurian  grit,  rating  on  granitic  gneiss  in 
Sweden,  UL 

Armenia,  discovery  of  true  Eocene  tertiary  beds  in,  by  M  Du- 
bois de  MontpoVetix,  283* 

Armstrong,  Col.,  map  of  the  neighbourhood  of  Petrozavodsk,  23. 

Arsagar,  saliferous  hills  (Permian)  of.  L112. 

,  Mount,  the  opinion  of  Pallas  concerning,  3UL 

Arsk  near  Kazan,  section  at,  showing  the  marls  and  tufaceous 
limestone  of  the  Permian  system,  IfiL 

Artcmefka,  country  of  the  Donets,  carboniferous  series  at,  EL 

Artesian  wells  likely  to  be  effectual  in  reaching  saline  springs, 

1«L  Uffi. 

Artinsk,  account  and  age  of  the  carboniferous  grits  of,  123, 

 ,  grits  and  limeatooea  of,  west  of  Zlataiitt,  221, 

— — ,  grits  of  (repeated  on  the  flanks  of  the  Guberlinski  hills), 
asa 

Arzamas,  fossils  (Permian)  found  there  identical  with  English 

magnesian  limestone  species,  I 
Ataphu  erpannu  and  ItLrnnM  crtwtcauda.  characteristic  tri- 

lolrites  of  lower  Silurian  rocks  of  Scandinavia  and  Russia, 

12.  LS«.  29. 37. 

  BueMt  and  A.  tymnnui  in  lower  Silurian  rocks  of 

Norway  and  Sweden,  12,  Li* ;  very  rare  in  Russia,  22. 

Asbestos,  pretence  of,  in  the  (itiberlinski  greenstone,  US. 

Asmua,  Prof.,  bia  account  of  the  Doqsat  Devonian  llslics,  S3. 

Astrakhan,  steppe  of,  a  dried  brackiah-ses-bottom,  218, 

— — — — — — ,  limestone  of  the,  DHL 

 ,  salt  of,  probably  from  Permian  rocks,  IBS. 

,  origin  of  the  springs  of. 

Jtlrtta  emareiata.    See  Litkotlntion  emartialum. 

Asturias,  Silurian  rocks  in  the,  4- 

Asuppcn  (Courland),  fossiKfcroiia  Devonian  rocka  of,  jiL 

Auerbach,  M .,  his  discovery  of  fossil  plants  in  the  Jurassic  grits 
of  Klin  resembling  those  found  nearer  Moscow,  240, 

Augitc.  abundant  crystals  of,  in  the  Katchkanar,  XlL 

Augitic  porphyry  south  of  Kizilsk,  H.ri, 

Auriferous  alluvia,  nature  of,  12S.;  limits  of,  128. 

  not  found  in  Permian  conglomerate*.  1*1 

■  of  Ncriansk,  2<j2 ;  near  Bissersk,  SOU. 
 —  of  the  Ural,  H2  j  near  Ekaterinburg,  12H, 


Auriferous  alluvia  of  Chrettovodsrisgrnsk.  ISO. 

 of  Peslianka,  182;  of  Soimanofsk,  12L 

 of  Cossatehwlatchi,  439, 12L 

■  ,  hypotliesis  concerning  the  origin  of,  lifiL 
 rich  zone  in  the  environ*  of  Miask,  liL 


-  quart  lose  veins  near  M  iask  and  Ekaterinburg,  435.427. 
'  sand  separated  from  coarse  gravel  at  Peshanka,  122. 


AwmrhM  (Hot),  the  former  existence  of  and  present  habitat. 

am,  tan 

Auahkul.  Lake  (South  Ural),  igneoua  and  auriferous  rocka  at. 
437. t*«. 

 ,  Lake  and  Mount  of  (Sooth  Ural),  lithographic  sketch 

tA.4S7.tU. 
Austen,  his  memoir  on  grcensand  referred  to,  i"i*ri 
Australia,  palaeozoic  rocks  in,  fl*. 

Aventurine  found  near  Ekaterinl)urg,  2li2  ;  Silurian  variety  of, 
i.tl 

 >,  vase  of,  presented  to  Mr.  Murchison  by  the  Eon. 

peror  of  Russia,  121. 
Aricula  rrtnflrra  and  A.  rtlieularu,  upper  Silurian  fossils  of 

One!  and  Gothland.  iy,aii 

 ,  ita  importance  among  the  Permian  Monomyaria.  ii  H . 

 ,  its  abundance  in  the  Permian  rocks,  <I7 

'  Avraclia,'  or  ravines,  nature  of  in  Russia  explained,  670, 
Avziansk  zavod  (South  Ural),  precise  age  of  limestones  of,  not 

determined  owing  to  the  absence  of  fossils,  lull. 
Axhaa,  a  characteristic  genus  of  the  Permian  system, 
Axis,  geological,  of  Russia  in  Europe,  jIL 

 ,  central,  of  the  Ural  rocks,  2uL 

 of  the  Ural,  direction  of,  tlifi 

Azof,  sea  of,  tertiary  sections  north  of,  224L 

,  section  from  this  lake  to  the  sea  of  Aral,  21L. 
Azoic  rocks,  meaning  of  the  term,  lit*. 

Babks,  Sylva.  &c,  Permian  sections  near  these  rivers,  143. 
Bachniuih,  north  of  the  coal-field  of  tlie  Dooetz,  fcii. 

 ,  probabdity  of  ciuu  in  the  ridges  south  of,  US. 

 ,  red  rocks  (Permian)  occupying  the  vale  of,  23. 

 ,  Permian  rocks  overlying  the  carboniferous  strata 

near,  1 15,  fiiL 

,  chalk  and  upper  Jurassic  rocks  north  and  east  of.  PH. 

lis,  am. 

Baer,  M.,  bis  observations  on  isles  in  the  Golf  of  Finland,  iff 

 ,  his  discovery  of  coal  in  Nova  Zemlia,  282. 

  and  Koppen,  M.,  observations  on  the  Volga.  578. 

Bagaratz,  or  BagariaUk,  south-east  of  Ekaterinburg,  carboni- 
ferous limestone  at,  3di ;  gy|num  22  vents  from,  122. 

Bakalski  (South  Ural},  iron  ores  of,  129. 

Balachna,  near  Ngny  Novogorod,  variegated  marls  with  gypsum 
ami  salt  springs  at,  1711. 

Balkb,  country  between  this  district  and  Khivah,  probably 
covered  by  Aralo-Caspian  deposits,  210. 

'  Bellas,'  or  fissures,  seen  in  various  parts  of  Ritssia,  .171 

Baltic  provinces  of  Russia,  Silurian  rocka  of,  2a. 

,  nature  of  the  drift  in,  610. 

Baltisch  Port,  Esthonia,  large  size  of  Ungulites  at,  22. 

Barande,  M..  his  collection  of  Silurian  fussitt  from  the  neigh- 
bourlsood  of  Prague,  32L 

BaratinskifObtchey  Syrt ),  fossiliferous  grit  (Jurassic)  near,  212. 

Barbot  de  Marm,  M.,  has  supplied  the  authors  with  many  car- 
boniferous fossils  (see  Cossatchi  Datchl),  ill. 

Barmin-mis  cape,  north  end  of  Timan  range,  schists  of,  41. 

Barnack  rag  of  Northamptonshire,  resemblance  of  the  steppe 
limestones  at  Novo  Tcherkask  to,  itiW. 

Barniikova,  dllfs  of  (Permian)  white  gyjisum  at,  1(17. 

 ,  Jurassic  beds  in  rilu  near,  211. 

Barotzi,  Major,  his  assistance,  363. 

Barton  (Hants),  fossils  found  at,  identical  with  older  tertiary 

Russian  species,  iall. 
Basaltic  character  of  the  igneous  rocks  south  of  Kizilsk,  445 
^— rocks  of  Trbaitzin-mis  (Timan  range),  t!5 
Bataitm.  a  proposed  new  genus  of  corals,  described,  6 1 '.' 
 iMcea/erfa,  description  of,  fi2L 
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Bashkir  rammer  camp  (South  Ural),  lithographic  sketch  of, 
433,  &LL 

Bashkirs,  their  chirrs,  rammer  camps,  kumiss,  Ac  itt.  Ail ,  LhL 

 — ,  tbeir  hor«*s  anil  method  of  travelling,  sbs* 

Basin  of  the  Permian  strata  in  Russia,  its  vast  extent,  130,  fijfl. 
Basin*.  J  uras.u- .  of  the  Arctic  Ural  and  Pitch  ora,  23Q-.  of  the 

middle  Volga,  231 ;  of  the  Oka,  233 ;  of  Moscow,  236 1  of 

tlte  lower  Volga,  212;  of  South  Russia,  24*. 
Basins.  Jurassic,  their  comparative  site  in  Russia,  243. 

 ,  their  limits  in  Russia  often  undefined,  244.  SO. 

Basinier,  M.,  his  observations  on  the  shorn  of  the  Aral,  82. 

,  observations  on  fossils  collected  by  him,  325. 
Bayanova,  on  Use  Issetz,  altered  limestones  of,  otio. 
Bayfield.  Capt.,  his  North  American  paltcotolc  fossils,  t 

— ■  ,  his  shelly  deposit*  of  the  St.  Lawrence,  .'i.'lll. 

Beaches,  raised,  beds  described  as  such  sometimes  raised  sea 

bottoms,  32M.  532  ef  arc. 
Bears,  fossil  remains  of,  in  European  Russia,  &U&. 
Beaumont,  M.  Elie  de,  his  geological  map  of  France,  1;  his 

Prench  equivalent  of  the  Permian  system,  l'iU. 
.  on  the  nummulitic  beds  of  the  Pyrenees, 

om 

 ,  his  reports  on  the  memoirs  by  M.  Bravais 

and  M.  Durocfaer,  £l&  iiH. 

,  his  vie*  of  the  direction  of  mountain 
chains  sustained,  iiL. 
Beck.  Dr.,  his  opinion  concerning  tlte  shells  of  the  raised  sea 

brarbe*  on  the  Ovinia  and  V aga,  32!*. 
Beechey ,  Capt.,  his  voyage  to  the  Pacific  and  K»chschorUBay,4W 
Belaia,  or  Bielaya  (Valdai),  valley  of,  passage  of  Devonian  iota) 

Carboniferous  strata  at,  IS. 
Belemnitea  in  the  Jurassic  beds  on  the  rivers  Pctcbora,  Volga, 
Oka,  Moskwa,  ckc,  OU.  231,  23.1,  234,  23;.  Ac 

 found  in  the  lied  of  the  Piaiia,  ill. 

Btlrmmtrt  macrmu/w,  common  to  chalk  of  England  and  Rus- 
sia, 322.  it  "</■ 

-  aaWatfar,  a  Russian  Jurassic  fossil,  in  India.  2JLL 
Belemnitic  (Jurassic)  straU  at  Tanalysk  (South  Ural),  lag, 
Belgium  and  Northern  Prance,  palawoic  succession  in,  4,  4*. 

,  "roche*  moutonnec*"  in,  £52. 
Bcndrin  (  Poland),  coal  till  feet  thick  at.  ftLL 
Beresite,  a  granitic  rock  associated  with  gold,  47*. 
HcreMiiva-gura,  near  V.  Uralsk  (Ural),  jaspers  of,  A54. 
Bcrezof  (Ekaterinburg),  auriferous  gravel  with  mammoths' 

hones  near  the,  l?fi. 
Bcroovsk  (Ekaterinburg),  gold  mines  of,  U&. 
Beroaovskaya  Cora,  east  of  Kongur,  good  view  of  the  Ural 

ridge  obtained  from, 
Berwick,  coal-field  of.  analogous  to  that  of  the  Dooetx,  £0,  ILL 
Bcrzclius,  Baron,  assistance  given  by  him  to  the  authors  ( Pre- 
face, xiv.),  LB. 

,  his  views  on  the  osarx  and  the  ibriarion  of 
the  Swedish  rocks,  iLL  &ZL 
Beschknm,  on  the  Pinrga,  white  alahaater  elin*»  at,  17*- 
Bcsaarahia,  miocene  tertiary  deposits  found  in,  883, 282. 
Bethman,  C'ulonel,  aaaisls  llie  authors,  LUL 
Bielagorskaya  (Bachmuth),  rocks  overlying  those  of  the  car- 
boniferous series  at,  LLL 
Bielawicxa  or  Dialavicja,  in  Lithuania,  description  of  the  forest 

of,  inhabited  by  the  Junchs  or  Zubr,  ,">i'l.  ti3*s. 
BieJaya.glina,  south  of  Saratof,  white  chalk  at,  2I£ 
Bielaya  river  f  South  Ural),  Silurian  and*  paleozoic  at  rata  on 
the,  *&&  ft  •<■?. 

  (Timari  range),  Fusulina  limestone  on,  ILL 

 ,  singular  subcorneal  hills  of  earlwvniferous  lime- 
stone on  tlte  left  bank  of  (Sterlitaroak),  liilL 

 ,  Permian  strata  on  the  banks  of,  LiiL 

 (Timan),  eruptive  rocks  in  the  upper  gorges  of.lKL 

Bielcf,  grotesque  concretionary  Devonian  rocks  on  the  road 

leading  to,  from  Mtyensk,  Si. 
Bielobor,  on  the  Issetz,  lossiliferoua  bed*  at,  ■Hi.'!, 
Bielo-Ozero  (lake),  carboniferous  limestone  extends  to,  LL 
BieluricU,  in  the  South  Ural,  Silurian  limestone  at,  tU. 


Biclgorod,  true  chalk  found  at,  2&L 
Bicsada,  near  Moscow,  Jurassic  Assails  found  at,  231. 
Bilimbayersk,  account  of  the  rock*  at  and  near,  ililL 
Billingen  (Sweden),  relations  of  the  gaeiss  and  Silurian  strata 

at  the  hills  of,  Li. 
Billon,  Rev.  W.,  his  book  on  Norway  referred  to,  11*. 
Blnney,  Mr.,  and  Mr.  Brown,  their  list  of  fossil*  of  the  red  maris 

of  Manchester,  ill, 
Bistersk  (North  Ural),  dolomite*  in  the  line  of  the  igneous 

eruption  from  Sergiefsk  to,  3rlS. 

,  gold  and  diamond  alluvia  near,  jflfl. 
Bituminous  coal,  good,  worked  at  Lissitchia-Balka,  on  the  Do- 

neu,  LUfi. 

Bituminous  schist  (Silurian),  litbologica)  character  of,  8B». 

 surmounting  the  Ungulite  grit  of 

St.  Petersburg!!.  SH. 

—   alternating  with  Silurian  lime. 

stone*  at  folks,  3L 

 (Carboniferou*),  in  the  Valdai  Hill*,  2L 

,  near  Vitcgra,  TjL 

 (Jurassic),  of  Goroditche,  on  the  Volga-  845. 

Black  dolomite,  west  flank  of  Ural.  qHj.  XHL 

Black  dust  near  the  higher  limit*  of  the  Kalmiuss,  not  carboni- 
ferous (frAonaorem),  StL 

Black  earth,  or  tchrmoirm,  of  Central  and  Southern  Russia, 
it*  extent,  composition  and  origin,  55Z  ef  see. 

Black  Sea,  Miocene  tertiarie*  extend  to  near  the  shores  of.  283, 
,  limestones  on  the  northern  and  western  shore*  of, 
referred  to  the  Aralo. Caspian  series,  3flJ. 

 ,  relative  level  of  t  hit  sea  and  the  Caspian.  322. 

■  change  of  it*  bottom  since  Herodotus,  523.  SM. 

BUgodat  (North  Ural),  hill*  and  magnetic  iron  of,  ;t;s. 

Blaaiua,  Professor,  his  cooperation  in  the  first  survey  of  the  au- 
thor*. Preface,  and  p.  23. 

Blocks  and  fragment*  of  rock  elevated  on  the  banks  of  the 
Russian  rivers  on  Use  breaking  up  of  the  frost,  iiLL 

Blocks,  erratic.    Sec  also  flouUen. 

,  absence  of  far-travelled  example*  on  the  Bank* 
of  the  Ural,  121. 

,  absence  of,  in  Siberia,  £51. 

 .assocUtrdviiih  Scandinavian  drift  :n  Russia,  .".n,*. 

 occasionally  found  of  large  size  fix  southward* 

in  Russia,  £23. 

 ,  the  larger  ones  gradually  disappearing,  being 

used  for  roads,  Ac,  £23, 

.  uniformity  of  action  of  the  cauaea  that  produced 
them,  521. 

 ,  angular  and  local,  ridge*  of,  on  the  bank*  of  a 

Russian  lake,  SAL 
Blodc,  Major  (now  Lieut—Colonel),  his  notice  of  Upper  Jurassic 
rocks  on  the  Dooetx.  2UL 

,  hi*  conclusions  respecting  the  geological  position 
of  the  marl*  of  Kursk,  27JL 

,  hi*  opinion  of  the  age  of  the  gypsum  in  Podolia, 

2l!i. 

Blue  clay  (lowest  Silurian),  it*  extent  in  the  Baltic  province*  of 
Russia,  20. 

 ,  litbological  and  general  character  and  thick- 

nesa  of,  86*- 

Boeck,  Dr.,  his  enumeration  of  Norwegian  trilobites,  12. 
Bogdo,  Mount  (Great),  doubtful  f riassic  rock*  at,  2, 

 ,  geological  age  of,  probably  Triauic,  192. 

 ,  fossil  remains  of,  considered,  Hit 

,  age  of  the  limestone  of.  I'.Hi. 

,  proof*  of  ancient  higher  level  of  the  Caspian 

at,  ILL 

 ,  Little,  it*  resemblance  to  the  Great  Bogdo,  JJtt. 

Bognor  rock*  (Sussex),  resemblance  of  the  Antipofka  (Lower 

Volga)  older  tertiary  concretions  to  them,  288. 
BogorosUn,  a  line  joining  thi*  town  with  Tchistopol  is  the 

western  limit  to  the  cupriferous  Permian  grits,  la6. 
Bogoslofsk  (North  Ural),  Silurian  limestone  on  the  road  to.3iHL 
,  limestone*  of,  Silurian  and  Devonian,  riSC^jaX, 
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Bogoslofsk,  account  of  the  rocks  ia  the  environ*  of,  ■'lil.'i, 
—  ,  gold  mine  near, 

Bohemia,  Silnriui  racks  and  fossils  of  (near  Prague),  re- 
sembling those  of  England.  31. 

 <  ,  fossil  content!  of  the  cretaceous  system  of,  Ml. 

Bohtlingk,  M.,  hit  notice  of  injected  greenstone  in  Finland  ami 

Upland,  22*. 

,  hi*  account  of  modern  glacto-ftirv utile  action 

in  Lapland,  .Vi7. 
 ,  hit  woof  of  the  ex  centric  transport  of  block* 

from  the  Scandinavian  chain,  &2R. 
  .  —  and  M.  Siliestrvin  their  remarks  do  the  form 

of  the  mound*  of  detritua  in  Scandinavia,  :>.V». 
Kolshaya  or  Volahays  Cora  (L'ral  Paw),  the  height  of.  litHL 
Bone-bed  of  the  Devonian  series  in  the  gorge  of  Ute  Pnksha 

(tee  Corrigenda,  PriutchkaJ,  itL 
Bone*  of  mammoth.    See  alao  Mammoth. 
—————^  associated  with  gold.  478. 
^— ———  in  the  gold  detritu*  of  Peshsnka, 
—  with  gold  alluvia  at  Soimanofsk,  -inn. 
 superstitious  feeling*  of  the  Uaahkir*  and 

Samoyedes  concerning,  i&L 

 . — —  found  in  Silseria,  liiL 

 •  drifted  abort  distances  only  to  their  pretent 

localities  in  Siberia.  197,  12& 

 found  at  Taganrog.  MH, 

Boring  necessary  fur  iletermining  the  value  of  the  carboniferous 

series  beneath  the  red  rock*  of  Bachmuth,  1-UL 
Borsk  (Orenburg),  Permian  strata  near  the  fort  of,  ll!> 
Boryslbene*  or  Dnieper,  account  of  the  change*  at  its  mouth 

since  the  time  of  Herodotus,  iZi 
Boue,  M.  A.,  hi*  opinion  concerning  the  age  of  the  Carpathian 

sandstone  coincide*  with  that  of  the  authors,  2SfcL 
,  bit  map  of  Turkey  referred  to,  iiilL 
Boulder  rUy  of  Denmark,  jtl. 

Boulder  drift,  its  Scandinavian  and  t uppish  source  of,  SiH, 
Boulders.    Sec  also  liiockt,  erratic. 

 -,  resemblance  of  detached  local  block*  of  tiliceou*  grit 

at  Moscow  to,  132* 
  of  syenite  and  quartz  (local  drift)  on  the  east  tank 

of  Eraolaki-Gora  (South  Ural),  131L 
 ,  absence  of  (northern  or  erratic),  on  the  flank*  of  the 

I  raJ,  S2L 

 ,  ages  of  those  found  in  Denmark,  SJJL 

,  found  in  Guiana,  Mft 
Boulonnai*,  palaeozoic  series  in  that  district  of  Prance,  L 

 ,  identity  of  the  Devonian  of  the  Don  with,  &L 

Boundaries,  geological,  of  central  Russia,  2iL 

Bowman,  Mr.,  hi*  investigation*  concerning  the  upper  Silurian 

rocks  of  North  Wales,  C 
tiraehioyodotu  abclls,  the  best  carlioniferou*  and  Permian  types, 

us.  m. 

 —  ,  number  of  Permian  species  which  are 

found  also  in  the  carboniferous  rocks,  ulL 

llraneva  (near  Cargopol),  carboniferoua  limestone  at,  liL 

 ,  erratic  blocks  at.  Sli. 

Brandt,  Professor,  on  the  Crtuthtrhim  Rathhi,  aiLL 

Braun,  Prof.  A.,  of  Darmstadt,  hi*  account  of  the  shells  of  the 
M  aye uce  baiin, 

Bravais,  M-,  hia  memoir  on  the  elevation  of  Norway, 

Breccia,  loose  argillaceous,  aiuiferou*,  aouth  of  Miaak,  afiS. 
,  porphyntic,  of  Mount  Sahliii,  AUL 

BresUu  (Silesia),  palaeozoic  rocks  near.  3^  30^  fistt. 

Briggettcn  Kloster  (Etthonia),  peculiar  mineral  character  of 
the  Cngulite  grit  at,  JijL 

Brine  s|>rings  (I>etnnian),  at  Staraia  Rusta,  ai;  (Permiaa),  at 
Solikamsk,  L£i;  at  Totma,  WLi.  at  Balachna,  U3L 

Brittany  and  Normandy,  Silurian  and  Devonian  rucks  of,  a. 

Brongn'iart,  M.  Ad.,  Ilia  remark*  on  the  fossil  plants  of  the  Per- 
mian system,  2UL    (See  vol.  U.) 

Bronnitii,  Jurassic  fossil*  found  near,  'HA. 

llronlm.  a  fossil  genu*  found  in  the  Ludlow  Rock*  in  England, 
and  in  Gothland,  LSi. 


Brora  oolite*,  upheaval  of  solid  granitic  rock*  through,  Swedish 
analogy  to,  17*. 

Brora,  SuiberUndshire,  similarity  of  Russian  contemporaneous 

bed*  to  the  oolite*  of,  WL 

—  -ii      ■      i  ,  marking*  on  sandstone  near,  SthiL 

Brown,  Mr.,  and  Mr.  Bianey,  their  list  of  the  fossils  of  the  red 

maris  of  Manchester,  i\S. 
Bran  now,  Baron  de,  hi*  services  to  the  author*  (Preface,  vii.). 
Bublia  ;  Kovno),  Silurian  locks  found  near,  34 

 ,  erratic  block*  from  Sweden,  found  at,  Sl'i. 

Buck,  Baron  Leopold  von,  hi*  suggestion  to  Mr.  Murchisoii 

(Preface,  si.). 

 hi*  account  of  the  erupted  rocks  of 

Norway  referred  to,  II*. 

,  hi*  theory  concerning  the  cause  of 

the  fractured  surface  of  granite  hills,  L63. 
— — —  ,  bis  account  of  tbe  Cytlidnr,  a  new 

family  of  Encrinites  (SpAamnitn,  die),  38. 
 ,  Ilia  opinion  of  the  age  of  the  Bogdu 

limestones,  IMS. 

 ,  hi*  view  of  the  Jurassic  rock*  sod 

fossils  of  eastern  Russia  confirmed,  212. 

 ,  hia  application  of  the  term  '  Medi- 
terranean type  '  to  the  secondary  rock*  of  the  south  of 
Europe,  1A1L 

 ,  hi*  opinion  concerning  the  agr  of 

the  Carpathian  sandstone  adopted,  2A*. 
 ,  hi*  account  of  the  tertiary;  fossils 

from  BntMhak,  near  Kief,  on  the  Dnieper,  USSL 

,  his  determination  of  Silurian  and 

carboniferoua  rocks  in  tbe  Ural  hy  fossils.  3iUL 
Buckland,  Dr.,  the  want  of  auch  an  explorer  of  cavern*  in 

Russia,  Slit. 

,  hi*  view*  of  glacial  action  in  Britain,  5ilL_ 
Bucklaiutitc,  crystal*  of,  in  granite,  at  Ycrkhoturie,  iilii. 
Budevicb  (near  BieJef ),  Devonian  fossil*  found  at,  £&. 
Bugulma,  copper  grits  aud  sandstooea  beneath  tbe  white  and 

yellow  buiestouea  of  this  place  containing  fossils  of  the 

Permian  acnes,  Ifttl 
Building  stone,  excellent,  in  tbe  carboniferoua  sandstone  of 

Goradofka  (Donctz),  HZ. 

,  Uic  steppe  limestone  u*cf  til  for  this  purpose,  sMH>. 
Bulanka  valley  (west  of  Zlatairst),  mineral  structure  of,  i'J'.i. 
Bulgar,  basin  of,  the  Northern  Aralo-Caapian  tract  so  called  bj 

M.  JasikotT,  :<■;.•.. 
Bunter  sandstcin,  exact  definition  of,  SOIL 
llurmcistcr,  M.,  his  work  on  Trilobite*  referred  to,  i- 
Busuluk  river,  Pallas 's  account  of  the  chalk  of,  Itf 
Balers,  the  late  Prince  of,  hi*  assistance,  3X1L 
Butacbak,  eocene  tertiary  bcdi  on  the  Dnieper  at,  883. 
 ,  list  of  tertiary  fossils  of,  collected  by  M.  Dubois  soil 

named  by  M.  von  Buch,  iiS!L 

Calamitks  and  other  plants  of  the  coal  of  Russia,  l_Lt;  of  the 

siliceous  (Jurassic)  grits  of  Moscow,  tUL 
Catamitn  yiyo>,  a  Russian  Permian  specie*,  UhL 
Calamoparm  JStrata,  Eichwald.    See  CJurtrtn  PttnpoiUanua. 
'  Calc aires  muets,'  limestone*,  at  first  so  called,  on  the  nver 

Suchona,  178;  now  proved  to  be  fosaUifcrou*.  See  Tslile, 

2Aiand  filL 
Calcareous  beds.    Sec  alao  Limtttonn. 

 (Silurian)  of  the  St.  Petersburgh  HiU*.  2H,  31L 

  of  Russia  overlying  Uie  •  pi  eta '  lime- 
alone.  34*. 

 (Devonian),  general  character  ami  appearance 

of  those  of  Ottrada,  iZ. 

 ,  of  Voroiseje,  frjsailifcrou*,  tin 

■  notice  of  a  grit  overlying  the 

lower  carboniferous  rock*  of  Michselofak.  liffl. 
 (tufaceous),  reposing  on  carboniferous  strata 

at  Putshino  on  the  Oka,  K2. 
— — — — —  associated  Willi  Permian  bed*  on  the  banks 

of  the  Dsonia,  LiL 
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Calcareoua  beds  (Permian),  two  zones  of,  in  Ruraia,  1 4L'. 

,  grit*  and  sandstones  with  Produc- 
ts at  MetafUmak  (Bielebei),  153. 
■  ■  (Jurassic),  rarity  of,  in  Russia.  211. 

Calcareous  grit  and  coral  rag  of  Oxford,  identical  with  the  white 
limestone  of  Cracow  ami  the  Donetz,  2A3. 

Cambrian  system,  meaning  of  this  term  when  formerly  em- 
ployed by  Prof.  Sedgwick  and  Mr.  Murchiaon.  2. 

 ,  contemporaneity  of  tbe  rocks  formerly  to 

called  with  the  lower  Silurian,  2. 

Canal  of  Marinak  connecting  tbe  drainage  of  the  government 
of  Vologda  with  that  of  St.  Pctcrtburgh,  liL 

Cwcrine,  Count  dc,  hia  great  encouragement  of  tbe  authors 
(Preface,  viii.  xii.l. 

,  Prmfuetiu  Cancnm  (Permian),  named  after 
him,  UA  el  fee. 

Vmrata  (SiplUnv/pbyttii)),  description  of  the  genus.  fili, 

 iArWita .'  described  and  compared  with  Turbinotia  ibi- 

cma,  617. 

Caradoc  sandstone,  rocks  resembling  this  formation  in  the 

Kraka  hilla  (South  Ural),  ML 
Carbonaceous  matter.  « here  developed  in  tbe  palaeozoic  rocks 

of  Russia,  &1L 

 strata  of  the  southern  tracts  of  Russia,  general 

relations  of.  117. 

 grits  of  Akri-taa,  JJHL 

Carboniferous  basin  of  Russia,  central,  ZZ. 

i  of  Moscow,  limits  of  the  limestone  of,  73, 

Carboniferous  limestone  of  Russia,  lower,  middle  and  upper  di- 
visions of,  2U.  to  123. 

 ,  nature  of  tbe  vegetation  on 

ita  surface,  7JL 

■  ■     ■    -,  account  of  tbe  lower  mem- 

bers on  the  flanks  of  the  Ural,  1ZL 

 ,  on  live  hanks  of  the  Ufa.  189. 

 ,  outliers  near  Sterlitamak, 

 ,  ita  junction  with  Permian 

strata,  132.  Ufi,  ISO,  15H.  UA. 

,  the  abaeace  of  ita  fragments 
in  certain  red  (Permian)  conglonieratea.  177- 

■■  on  the  Uuja,  and  near  Je.  j 

latma,  on  the  Oka, 

.  dolomitic,   near  Saksomik 

(west  flank  of  Ural).  2£L 
 ,  with  milUto neurit  in  the 

Ural  mountains  and  Timan  range,  389.  Hi. 
  in  tbe  Ural  mountains.  See 

(Vrrown/Vrow  net*. 
 ,  ridges  of  this  rock  form  both 

flanks  of  the  Ural  chain,  3Jktl  to  IBB. 
_  1  ,  fragments  of  this  rock  make 

excellent  drift-marks,  £22, 
Carboniferous  system,  characteristic  fossils   of,   In  North 

America,  41- 

i   of  Russia,  83  el  tea. 

 ,  lower  members  of,  in  the 

Valdai  Hills,  hL 

,  relation  of  the  bottom  beds 
to  tbe  Berwick  coal-field  of  England.  7JL 

.  maguesian  limestone  of,  in 
tbe  Valdai  Hills,  Moscow,  Kolomna,  Ac.  72, 81,  fiiL  IL 

,  white  limestone  of  Archangel,  j 

belonging  to,  22, 

 — — ,  great  central  basin  of,  VL 

 ,  tower  limestone  of,  at  Tula 

and  Kaluga.  22. 

,  white  (central)  limestone  of, 

at  Moscow,  si  i. 

,  upper  division  of  limestone, 

containing  Ftmiaut,  HJL 
in  ,  region  between  the  Dnieper 

and  tbe  Don  (Donetz),  containing  good  coal.  fSL. 


Carboniferous  system  of  Russia,  red  conglomerate  at  the  bane 

of,  on  the  Donetz,  93,  M. 
 ,  analogy  of  tbe  lower  part  of 

tbe  series  on  the  Donetz  with  tbe  English  north  of 

England  and  Scottish  aeries,  94- 
 — — ■,  relation  of  tbe  anthracitic  to 

the  bituminous  coal  in,  hAL 
 ,  sections  on  and  near  the 

Donetz,  Utt.  IlhL 

,  coal  mine*  of  Jelexnoe  or 

Sikitofka,  106;  of  Uspensk,  102. 
 — —  ,  coal  works  of  Lissitehia-Ral- 

ka  (chief  works  of  the  Donetz),  UHL 
 ,  uhuUr  vtew  referred  to.  eihi- 

biting  the  difference  between  the  carboniferous  muse*  in 

Northern  and  Southern  Russia.  LIS, 
- — ■  ,  outlier*  of,  near  Petrofakaya, 

north  of  Bachtnuth,  ILL 
  ,  general   relations   of  the 

southern  portion  of,  and  its  probable  extension  (with  coal) 

beneath  the  chalk.  1_!_L  llfi. 
 ,  M.  OeniiH.iiT't  work  on  the 

southern  coal-field,  ISSL  See  U  Play. 

,  remarks  on  the  fauna.  13J. 
Carboniferous  rocks  on  the  western  flank  of  the  Ural  chain, 

121  el  try..  341  rl  tea. 
 ,  section*  of,  on  the  Tcbuasovara,  124. 

3SSS  el  tea. 

 ,  Gonlatite  grits  of,  at  Artinsk.  122. 

 ,  in  the  South  Ural,  130, 130,  438. 445. 

,  as  exhibited  in  a  general  section  on 
tbe  west  flank  of  tbe  Ural  mountains,  XU. 
— — — — — ,  seen  on  the  Issetz  river  in  Siberia.  3iiiL 

 •  ,  at  Kamensk.  3JLL 

 .whitelimestoneintheTtmanrange.lll. 

 ,  at  Coaaaichl-Datchi  on  the  eastern 

flank  of  the  South  Ural,  439. 
— ^— — — — —  on  the  west  flank  of  Akrl-tau  (South 
Ural).  ML 

 ,  disturbance*  affecting  them  in  tbe 

Ural.  468. 

Cardhtm,  brackish  species  only  among  the  Caspian  shells,  307. 
Carclian  country,  erratic  blocks  of,  413. 
Cargopol,  the  flat  tract*  around,  exhibit  white  carboniferous 
limestone,  ZJL 

Carpathian  mountain*,  Jurassic  and  cretaceous  rock*  of.  281; 

age  of  granite  of,  hVnl 
Carpathian  sandstone.  M.  Zeuschner't  opinion  of  the  age  of  this 

rock  at  variance  with  that  of  the  author*,  264. 

,  cretaceous  age  of  the,  2JH. 
CaryopMyllia,  points  in  which  this  genu*  differs  from  Lilhodrn- 

(trim.  fJiJL 

Caspian  deposits,  general  view  of  the,  323. 
Caspian  tea,  former  wide  extent  of,  8*,  297. 31 7. 
 ,  pliocene  age  of  the  shelly  limestone  on  the  west- 
em  shores  of.  MO. 

,  shell*  of  and  fossils,  found  on  the  banks  of,  3011. 
 ,  taltuns  of,  aua. 

 ,  absence  of  tbe  requisite  Information  on  which  to 

found  exact  comparison*  of  ita  Mollusc*,  308. 

,  the  calculated  amount  of  ita  depression  below  the 
Black  Sat,  322. 

 ,  bitter  taste  of  the  water  of,  BS. 

,  ancient  northern  extension  of,  321, 

 and  Sea  of  Aral,  formerly  joined,  322.  See  .frefo- 

Qsajsjanm, 

 rapidly  filling  up,  523. 

Castelnau,  M.  dc,  his  Memoir  on  the  geology  of  North  America,  fl 
Casta  of  llrachiopoda,  more  abundant  than  the  shells  in  niag- 

nesian  limestones  of  different  age,  23. 
Catenipore  tatyrmtkiea,  Goldf.  (Haiytitet  laiyrmlkiea  of  Fis- 
cher), description  of,  i!LL 
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Cunnii,  Jurassic  rocks  of,  amUmporuMwu  with  Ibc  4  Terrain 
Osfordien,'  2111.;  eretaeeois*  rock*  of,  XHO.   (See  Dubois). 
,  possible  effects  of  the  upheaval  of  that  chain,  &£jL 
,  Aralo-Caspian  strata  extend  tu,  225L 

 ,  ranee  of  the  iteppe  limestone  believed  to  extend  at 

faras,  20A 
 ,  low  steppe  of  the,  112. 

Caverns  in  the  carboniferous  limestone  on  the  banks  of  the 

Tcbussnvaya,  liiL 
 in  cliffs  of  white  gypsum  (Permian  i  on  the  Ik,  at  Harnii- 

kova,  and  on  the  Pine**,  150.  167,  ILL 

 in  carboniferous  limestone  of  the  Tchutaoraya.  3H8 

Celo  Nikilofskaya,  quarries  of  Moscow  millstone*  at,  Mm 
Cephalopoda,  rarity  of,  in  the  Russian  carboniferous  scries.  134. 
 ,  iperir*  of,  charaetcriitic  of  the  Permian  period. 

Hit 

Vrrilkhcm  fiaantntm,  iop|Kwed  to  be  found  in  the  eocene  ter- 
tiary beds  near  Kiel, 

I Wofaerrsnw  Hatkkh,  a  new  herbivorous  Cetacean  from  the  beds 
of  the  steppe  limestone  at  Tatnan,  3LLL 

ChtrlHet,  the  character  of  this  genus  of  corals.  5113- 

 —  ditalat—,  Fischer,  description  of,  ■>'*> 

 PrlTapolitamu,  it*  abundance  in  Russian  lower  Silu- 
rian rocks,  -  \  — . 

,  deteription  of  the  specie*.  SiML 
— — ,  radians,  Fischer,  a  coral  of  the  lower  carboniferous 

limestone,  found  in  the  Valdai  Hills,  JY.  73,  LL 

 ,  description  of  the  specie*.  593". 

 ,  this  fossil  found  at  Krasnoi-Knt  (Donetr,),  101. 

Chalcedony  in  the  craptjve  rocks  of  Tchaitrin-nrA  Timso  ,  4 1  j. 
Chalk  1il!inc  u|>,  unconforaiably,  small  baains  of  carboniferona 

rock,  11BL 

,  rial. warns  pass  under,  and  may  be  worked  beneath  it 
ou  the  left  bank  of  the  Dotvrtr,  LitL 

 ,  needle*  of,  at  Sviatagora  on  the  Dcneij,  retting  on  Ju- 
rassic rock*,  2ilL 

— — ,  true  while,  reappear*  in  many  part*  of  Russia,  263.  2Ci 
tl  fa. 

 in  the  country  of  the  Don  Cossacks.  2G5 ;  at  Biclgorod.ifiS. 

 ,  range  of,  in  the  south-east  of  Russia,  222. 

 found  on  the  banks  of  the  Ural  river,  LLL 

——,  thickness  of,  in  some  part*  of  the  smith  of  Russia,  879. 

 of  Russia  resemble*  that  of  England,  5S3. 

C  lunges  effected  bv  the  recent  elevation  of  land  near  the  shores 
of  the  Black  Sea.  515. 

<*VfcmicAMy»  Jtmtuii  (Ag.)  UUttroitpU  of  Eichwald),  a  gi- 
gantic fossil  fish  from  the  Devonian  rocks  of  Dbrpat,  ffl-^1 
,  occurrence  of  this  fish  in  Scotland,  U. 

Chemical  analysis  of  the  Russian  coal  referred  to  in  the  work 
of  M.  Demidoff,  LiL 

 of  the  tchornoiein  or  black  earth.  539. 560. 

Chert  and  dint  associated  with  Permian  grit*  and  shales,  1&2, 

Chrrty  matter  in  the  lower  carboniferous  rocks  of  Russia,  Jt,  **- 

Chlorite  schist  in  the  axis  of  the  Ural  near  the  Katchkanar,  3U  1 

Cldoritic  qnartr.  of  llalvano-is  (Arctic  I'ral),  4112. 

Ckdoritic  and  talcose  schists  in  the  axis  of  the  t'ral,  tit'iii. 

Chaamiln,  a  fossil  mophvle  of  the  chalk  found  in  the  Ksesel- 
tlton  of  Kursk,  i&L ' 

Chonrln,  the  huporunce  of  this  fossil  in  the  paleozoic  rocks, 
SfiZ.  (Uplama  lata,  tie.  ?). 

Chrcstovodsviagcnsk,  gold  mine*  of,  390,  iBSL 

Chnstiaaia.  gneiss  near,  II*- 

 ,  section  (paliroxoiri  across  the  territory  of,  13, 

,  metamorphosed  Silurian  rocks  near,  11". 
Christof  (Volga),  red  marls  surrounding  white  limestone  at,  179. 
Crystalline  rock  (Azoic)  abundant  in  Scandinavia,  10*. 
( Vrriu  I7CM/UJ  found  between  Bielef  and  Lichvin  in  Devonian 
strata,  OL 

Cladoeora,  point*  in  which  this  genu*  differ*  from  Litkodrndron, 

Cladocora  ?  acrnsenfan,  Lonsdale,  description  of  Russian  speci- 
mens, taQHV 

Clay,  blue  (Silurian),  of  St.  Petcrsburgb,  ait. 


Clay-slate  In  the  Bulanka  valley  west  of  Zlatoust,  120. 
I'Lay-iMiif,  white,  surmounting  the  chalk,  iltifi.  Ji>». 

 and  sands  near  Saralof,  BL 

 and  marl  (cretaceous)  at  Kharkof,  Kursk,  and  near 

Kamischine.  on  the  Volga,  267,  2(19,  2JJL 
Cleavage  imperfect  in  the  met  amorphic  rock*  of  Listvanaya- 
gora,  in  the  South  Ural,  liki. 

.  alaty,  of  the  rock*  near  Prrevosnia,  in  the  South 
Ural, 

Climate,  singular  effect*  of,  in  Russia,  iH . 

  and  soil  of  the  dislocated  carbonlferoo*  strata  near  the 

Do  net  j.  1112, 

"  Clinker*,"  resemblance  to  this  English  rock  of  tome  Jurassic 

beds  in  the  Moscow  basin,  2311. 
Cliulziski  ( Kirtcbei),  lied*  of  white  (Permian)  timeatoae  at,  1&2. 
Clvde  beds,  comparison  of  raised  beaches  of  the  Dwina  and 

Vaga  with,  aSSL 
Coal,  lu  low  position  in  the  Russian  carboniferous  rocks,  7_L 

 ,  poor  seams  of,  on  the  Mata,  LL 

 ,  thin  seams  of,  near  Lichvin,  <_7- 

—  of  Russia,  not  formed  out  of  terrestrial  vegetation  "  en 
masse,"  28.  1 13. 

—  associated  with  carboniferous  limestone  on  the  Dorset*. 

 crops  out  at  Gnukaya,  Alexandrofsk,  dtc.  (Donetz),  Jti. 

 ,  relation  of  anthracitic  and  bit  umioous  kinds  in  Russia.  l'K». 

 of  intermediate  quality  worked  at  Kraanoi  Kut  (Donetz), 

ML 

 ,  anthracitic,  of  Popofskoe  (Donets),  L0JL 

,  superiority  of  the  antliracilic  kind*.  llBL 
— ,  convulsions  and  disturbances  that  have  affected  the  strata 
on  and  near  tlse  Donetz,  103. 
,  grits  associated  with  it  containing  Stiomarta,  1112, 

 worked  at  J rlcznoc  or  N ikitofka,  aad  at  Uspensk,  IU5,  Hi. 

 ,  at  Lisaitchia-Ualka.  HHL 

— ,  shaft  section  of,  at  works  of  Ltssitchia-BaUta,  LLL 

 ,  seam*  of,  worked  at  Petrofskaya,  1 16 

 ,  abac  nee  of,  in  the  drainage  of  the  Dnieper,  LLL 

 ,  productive  team*  of,  probably  occurring  beneath  the 

chalk  east  of  Uspentk  and  Liasitchla-Balka,  LIS. 

 ,  value  and  importance  of ,  in  the  southern  district*  of 

Russia,  LliLLLtt- 

 ,  work  of  XI.  le  Play  on  the  beds  of  this  formation  in 

Southern  Russia.  1  art*. 

 on  the  banks  of  the  Tchutaovava  on  the  western  flanks  of 

the  Ural.  12<L 

 ,  thin  scams  of,  associated  with  Permian  grits  and  shales 

on  the  Kidaah  (Bielebei),  lii. 

 ,  origin  of,  probably  explained  by  the  estuary  phenomena 

of  Russia,  570. 

Coal-nelds  of  Poland  and  Silesia  assume  the  type  of  those  of 

Western  Europe,  !LiL 
Coast  of  the  Caspian,  indication*  of  an  ancient  one  in  different 

place*,  317  tl  «ey. 
Coctswrestt  and  allied  fishes  not  found  in  Russia,  87. 
Colonr  (dull  light  grey)  of  the  Russian  Silurian  rocks  contrasted 
with  t  he  red  of  Use  Devonian,  25i 
j  Coloured  Sections,  Plates  L  to  V., description  of, pauim,  and  1155. 
Cotumnaria  Jtorv/ormia.   See  Ltthoatrolitm  Jtor\forme. 

 tuicala,  description  of  Russian  specimen*,  801. 

Conclusions  (general),  l-fl*.  ILSUl  52,  UL  !*L  **9t  2f& 
im,  333,  Ms*Lfli. UA. m.  554,  iZS. 
I  Concretions  of  argillaceous  iron  ore  associated  with  the  coal  at 
LssutcUa-Balka,  LUJL 

j  of  the  Permian  period  near  Orenburg,  Ia7. 

 of  white  limestone  at  Christof  on  the  Volga.  12IL 

 of  sandy  Jurassic  markstooe  at  Korosbovo.  23JL 

 of  impure  argillaceous  limestone  in  the  rock*  of 

the  Jurassic  period  at  Vassili-Maidan,  iU. 

 observed  l»y  Pallas  on  the  Sarpa,  -tl? 

Conformable  junction  of  lower  Silurian  and  Devonian,  32*. 39*: 
of  Devonian  and  carboniferoua,  4G,  48^  7_L  ZsL 

  between  the  carlionifcrous  and  Permian 

rock*,  LUL 
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Confonnahle  j-.mctinn  of  the  tfliceooi  Jurassic  griu  of  Talav 
rova  near  Moscow  with  the  Oxfordian  shales,  MB. 

■  of  Permian  and  carboniferous  rocka  in  the 
UraLi&S. 

—   of  Permian  bmeatooe  and  recent  sea 

bottoms.  331. 

Conglomerate,  fbrminr  a  pesssge  bed  between  the  Devonian  and 

carboniferous  series,  OL 
—————  (Derosiian)  oa  theweatem  slop*  of  Akri-tau,  ASHL 

•  (carboniferous)  at  the  mooch  of  the  t'rra,  122. 

 of  the  millstone  grit  period  between  HisscrsVaya 

aad  Kliaova  (weal  flank  of  the  Lira)),  1*8 
,  red.  of  the  Penman  series,  lii- 
 of  the  Permian  period  derived  from  the  old  rocka 

of  the  Ural,  UtL 
 ,  coarte  (Permian),  with  foaail  wood  and  copper, 

in  the  neighbourhood  of  Troitsk, 

■  (Permian)  formed  hjr  tbe  degradation  of  the 
older  mountain*  cover  tbe  country  between  Okanak  and 
Maliuish,  160. 

,  Jurassic,  resting  on  Permian  beds,  848. 

 with  augite  on  tbe  eastern  flank  of  the  Ural. 

( imiiW  r,  fossil  remaina  of,  in  the  siliceous  grits  of  Moscow, 
Ac.  ■-'in 

Conrad,  Mr.,  his  account  of  American  Silurian  Mollusc*.  12. 
Consolidation  of  tbe  rocks,  has  not  been  effected  in  moat  parts 

of  Russia,  pattim  and  &K4. 
Continent,  ancient,  to  the  east  of  the  Ural  mountains,  471. 
Contorted  state  of  the  carboniferous  strata  in  the  valley  of  tbe 

Alkoraya  (Donets),  UH. 
Contortions  and  flexures  of  tbe  sandstone  in  the  carboniferous 

system  of  tbe  Douetz.  £L 
 of  the  carboniferous  strata  between  the  Kalmiuas 

and  the  Krinka.  lilL. 
 of  the  carboniferous  and  Devonian  rocks  oa  tbe 

banks  of  the  Isseti  and  Tchnssorava,  US,  2S2,  3S5  »r  asy. 
Copper  grits  near  Perm,  1 1 1- 

Copjier  griu  and  sandstones  between  the  Ik  and  Bugulma,  1S6. 
Copper,  green  carbonate  of,  worked  as  an  ore  in  the  copper 

grits  of  the  Permian  system,  144. 
 mines  of  Niinv  Tagilik,  North  Ural,  and  great  malachite 

of.aix 

 of  Turyinsk,  North  Ural.  JS8L 

Copper  ore,  its  importance  in  the  Permian  system,  LUL 
 ,  its  intimate  association  with  fossil  vegetable  re- 
mains (Permian),  154. 

 ( Permian),  its  derivation,  western  limit*  and  great 

ex-em.  ISH.  IBA  el  any. 
— —  occupies  a  region  west  of  tbe  Ural  mountain*.  LL.' 
tt  see. 

 ,  formed  recently  in  a  peat-bog  in  North  Wales, 

1KB 

 .  its  presence  in  stratified  deposits  explained,  lfltt. 

— ■ — ■  of  tise  Permian  rocks,  epoch  when  formed,  123. 

Copper  sands  and  marls,  origin  and  limits  of,  last 

Coral  rag.  Jevitxe  ( Poland)  and  sandstones  of  the  age  of,  ALL 

 ,  its  English  fossils  compared  with  those  of  the  upper 

Jurassic  limestone*  of  Russia  and  Cracow  in  Poland,  2U. 
 ,  identity  of  the  Jurassic  Limestones  of  tbe  Douetz 

with,  223, 

Corals,  palaeozoic,  of  Russia,  described  by  Mr.  Lonsdale,  aXL 

 of  the  lower  Silurian  rocks  of  Russia,  ilHi. 

 of  tbe  Russian  Devonian  rocks,  tiL 

 of  the  Russian  carboniferous  series,  135. 

 of  tbe  Russian  Permian  system,  their  peculiar  character 

and  difference  from  the  corals  of  other  periods,  HOti.  2UL 
,  tabular  list  of,  SAL 

 of  tbe  Russian  Jurassic  series  in  tbe  coral  rag,  2iiL 

Cornish  granite,  its  resemblance  to  that  of  Predericksvarn,  11*. 
Cornstane,  Permian  rock  reaembling,  between  Sterlitamak  and 

Bielebei,  1.11. 
Cornwall,  discovery  of  some  Silurian  fossils  in,  7_ 
 — ,  analogy  of  part  of  Norway  to,  11*. 


Coasatchi-datchi,  on  the  east  flank  of  the  Ural,  carboniferous 
limestone  of,  43W. 

.  auriferous  detritus  of,  ml. 
Colts,  M„  his  tabic  of  succession,  JUL 
Coariand,  Devonian  rocka  in,  SAL 

 and  Livonia,  lithnlogical  character  of  Devonian  rocks 

of,  It, 

"  Crag  aad  tail"  of  Scotch  drift,  449. 

Crag  of  Suffolk,  resemblance  of  tbe  steppe  limestone  to,  S3fiL 

Cracow,  the  rocks  on  which  that  city  is  built  are  of  the  age  of 

the  coral  rag  and  calcareous  grit  of  Oxford,  2&L 
,  Scandinavian  erratic  blocks  near,  £AL 
Crasnoi-glasnora,  east  of  Ekaterinburg,  dome  of  ervstaUine 

Silurian  limestone  at,  3B4 . 

 ,  tcbomoieni  or  black  earth  of,  4A2. 

Crest  of  tbe  Ural  mountains  or  Ural-tan,  *43.  MO-  Stj.  UL 

:i;ti.  3»h.  4im.  t.n.  ta*.  15a. 

Cretaceous  system  of  Eastern  Germany  compared  with  that  of 

England  and  France,  24iL 

 of  Poland  and  the  Carpathians  described,  2&L 

 ,  collection  of  fouil*  from,  in  the 

Royal  Museum  of  Warsaw,  J&ii 
 of  Russia,  it*  range  and  general  aspect,  BL 

fMffawf. 

,  the  pleta  or  orthoreratite  lime- 
stone of  St.  Petersburg!)  erroneously  referred  to  in  conse- 
quence of  mineral  resemblance,  28. 

 ,  chalk  of  the  country  of  the  Do- 

netz,  2fii. 

 represented  by  argillaceous  and 

siliceous  masses  in  the  governments  of  kharkof  and  Kursk. 

ML 

 on  the  Don,  2Z1L 

 ,  the  probable  extension  of  in 

Russia,  northwards  from  tbe  Don,  221. 

■,  on  the  banks  of  the  river  Ural, 

IZL 

 ,  on  the  Volga  below  Simbirsk.  A7A. 

— —  .  views  of  M.  JasikosT  respecting 

the  geological  succession  near  Simbirsk.  222, 
■  ,  relations  of,  to  the  tertiary  strata 

exhibited,  222. 

,  comparison  of,  with  the  creta- 
ceous rocka  of  other  countries,  2UL 
Crimasa,  reappearance  of  lower  Jurassic  rocks  of  Russia  in  the, 

•4* 

 ,  cretaceous  and  N'eocomian,  or  lower  greensand  rocks 

of,  mi 

— — ,  older  tertiariea  of.  281. 

— — ,  ha  eastern  tract  of  the  Aralo-Caapian  period,  21&L 

,  upper  shelly  strata  of  the,  referred  to  the  Aralo-Caspian 
series,  301. 

Crourtdtn  of  tbe  lower  Silurian  strata  of  Riuaia,  3A. 

 ,  great  rarity  of,  in  the  Permian  strata,  only  one  spe- 
cies being  known,  2J1L 

Crystalline  rocks  of  Scandinavia,  their  vast  extent,  1U*. 

 'if  Norway  forming  the  flank*  of  trough*  con- 
taining |>elaxnoic  strata,  11*, 

 ,  their  relation  to  the  Silurian  rocka  in  Sweden. 

LL 

 of  Finland,  Lapland  and  Northern  Russia,  £L 

— — — — —  of  the  southern  steppe*  of  Russia,  their  ex- 
tent, 2U. 

 stratified  on  the  bank*  of  the  Voltchia  ami 

Kalmiust.  IL 

 in  the  axis  of  the  Ural.  351L 

 ———  of  the  eastern  flank  of  the  Ural  south  of  Eka- 
terinburg, 1-1. 

 uf  the  I'reitga,  4AS. 

of  the  Kirgtus  frontier,  MM.  Hoffmann  and 
Helmersen's  work  on  this  subject  referred  to,  115. 

 ■  of  (be  Gubcrlinski  hills,  111L 

 of  the  Irendvk  ridge,  1A>L 
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Crystalline  rocki  containing  palaeozoic  fosaila  in  the  Ural  moun- 

lams.  i:'6,  4.14,  457,  Ac. 
 of  the  Ural,  formed  during  the  paleozoic  pe- 

ri<Ki,  m. 

I  trandut  Krtiitrimgii  and  C.  tnrlkii,  fpeciea  of  fonil  nah  found 

in  the  old  red  sandstone  of  Russia,  33. 
Cumbrian  region  of  Britain,  the  equivalent  of  the  crystalline 

axis  of  the  Ural,  JiilL 
Cuprtferoua  region  between  Perm  and  Kazan,  of  the  Permian 

strata,  law 

•      beda  of  the  Permian  Kriea,  origin  and  boundary  of, 

IBM 

ditch,  oolitic  fossils  of.  referred  to,  252, 

L'uvicr's  conclusion  with  regard  to  the  entombment  of  the  an- 
cient mammoths  in  ice,  4StS. 

Cya/AoavVyUtaii  fiurifurmt,  Phillips.  Sec  Litkutrctum  Jlori. 
form*. 

 Tryylatma  .ryunl.  ins,  dearriptioD  of.  fil.'l. 

 turtiiulim,  (Loldfnsa,  description  of  Kuuian  spe- 
cimens, <H. 

CyrtocrroM,  the  only  Cephalopod  found  in  the  Permian  atrata  of 
Russia,  HQ. 

CtfiliJnt.  a  new  family  of  crinoidal  animals  deacribed  by  Von 

Buch,  2n  31L 
CyttipltyUuM  impunctum,  description  of,  ALL 
fylhrruur,  or  similar  small  shells  found  in  the  variegated 

marls  at  Viasniki,  on  the  Kliasmn.lp'a'. 
Czaiskoe-ceJo,  aection  from  St.  Petrrsburgb  to  the  lulls  of,  22* 
 ,  description  of  fossils  fuund  near,  by  1L  L  1L  the 

Duke  of  Leucbtenberg,  HL 

Daobkstan,  Aralo-Caspian  atrata  extend  to,  2UL 
Dago,  ialc  of,  true  upper  Silurian  atrala  at,  35. 

  ,  fossils  found  there  by  M.  Kst-hwald,  35. 

Dalman,  M his  acomint  of  Jm/thtu  rrpamnu.  22* 

Danilof,  St.,  of  Sijny  Tagdsk,  his  servicea,  SSSL 

Darwin,  Mr.  C,  hit  discovery  of  lower  Silurian  rocks  in  the 

Falkland  Islet,  fi  ;  on  glacial  action,  529. 
DavidorT.  M.,  his  beautiful  estates  on  the  Volga,  82. 151L 
Dechcn,  M.  II.  son,  hit  geological  map  of  Germany,  ii-iii- 
Dc  la  Heche,  Sir  1L  T.,  hia  investigations  in  palaeozoic  geo- 
logy, a. 

Del  las  ofthe  Russian  riven,  their  rapid  increase aceounlrdforjj  22. 

DesuidotT,  M.  Anatolr,  hia  great  work  on  southern  Kuaaia  re- 
ferred to,  liOj  sua. 

 .  li  is  munificent  encouragement  of  acience, 

■t  Nigny  Tagilsk,  325. 

Drndrodm,  Devonian  genua  of  iehthvolite  in  Kuaaia,  33. 40.  53: 
D.  Murchuoni  (Owen),  40, 

Dndrvphylha.  points  in  which  this  genua  diners  from  Lilko- 
d end  run,  .'-'JS 

Denislottkaya  (Archangel),  limestone  and  foaaili  at,  2SL 
Denmark,  transported  blocks.  522;  drift  of,  &40. 
Deris.  Ir  (South  Ural),  FmmtUtt polymorpia  found  at,  4H1L 
Drrrynanr  (Ireland),  striated  rocks  in  the  bay  and  hilts  of.  541L 
Dcabayc*.  M.,  on  Polish  miocenc  ahcllt.  2S12 ;  on  fossil  shells  of 

the  Crimea,  5UJL 
Deana  riser,  Scandinavian  blocks  reach  to  the,  525. 
Detntal  phteuontcna,  not  all  due  to  the  tame  cauae,  532. 
Detritus.    See  also  Moots,  Erratic  Drift,  &c. 

 of  Russia,  its  relation  to  the  underlying  rocka.  M8 

.  Poland  and  Prussia,  northern  source  of ,  SHU. 
— — — ,  northern,  extent  of,  in  Russia,  .">"7. 

,  superficial  covering  of,  at  Jelatma  on  the  Oka,  JQSL 

  covering  Jurassic  rocks  on  the  river  Vitlanka,  242. 

,  absence  of  coarse,  in  the  L'ral,  359. 
,  auriferous  and  mammiferout,  hvpotbeaia  concerning 


its  origin,  1U2- 

 .  local  nature  of  gold  alluvia,  47.).  177. 

.  formed  upon  shelving  grounds,  525. 


Devitxa,  near  Voruneje.  Devonian  strata  at.  SSL 
"  Dei  onian,"  use  of  the  term  supported,  62L 
Devonian  tvstem,  its  eataldislunent  in  England,  I*. 


Devonian  tyatem,  its  identity  with  the  old  red  sandstone,  1*. 

 ,  great  prevalence  of,  in  Germany,  2*. 

 -,  rocka  of  this  period  in  Prance,  A. 

 ,  exhibited  in  Spain,  4** 

— — ^ — — — —  North  and  South  America.  C 

— — — — — —  Australia,  82.;  Rnaaia,  Z. 

-,  Devonian  rocka  overlying  Silurian  on  the 


Siass,  3JJ. 


,  rocka  of,  near  St.  Peteraburgh,  22*. 
of  Russia,  4J  et  are. 

 ,  Dortlsef  n  zone.  1L 

,  lower  iieds  at  and  to  the  north  of 


Tchudova  (St.  Petersburg),  42. 

,  tower  beds  on  the  Volkof,  42* 
— ,  central  beda,  their  usual  mineral 


character,  Al_ 


and  Bclaia,  45. 


-,  upper  beds  of,  on  the  rivers  Msla 

-,  range  of,  to  the  north-east,  4fL 
-,  extension  of,  to  Onega  and  Arch- 


angel, near  the  White  Sea,  40- 

 in  Courland  and  in  Livonia,  5LL 

■  between  Riga  and  Dorpet,  52. 


axit  of  Rnaaia,  53. 


-,  central  region  of,  or  geological 

-  on  the  Oka  and  the  Don,  55,  JHL 

 ,  the  organic  remains  of,  £2. 

 ,  union  of  old  red  sandstone  fishes 

and  Devonian  sliells  in,  &L 

-,  Iehtiiyolitea  from,  39,  ai^  4JV,  liiL 
-,  dissimilar  UthulogteuTstrucrture  of. 


in  different  tracts,  ti£L 


-,  junction  of,  with  carboniferous 
rocks  at  Kinofak,  on  the  Tcbuatovaya,  125. 

-  on  lite  western  flanks  of  the  Ural 


near  Nijnl-SergintV,  12B. 

-,  only  one  or  two  fosaila  of,  detected 


among  carboniferous  types,  liL 

 ,  fine  acctiona  of,  on  the  river  Isaetx, 


3Sl.it  iff. 


(Lrnl), 


-,  occurrence  of.  at  Nevianak,  &c. 
,  iu  relation  to  the  underlying  Silu- 


rian grauwacke  on  the  Serebrianka,  3ns. 

 ,  Limestones  of,  on  the  Tehnaavovaya, 


aha  ef  aey. 


—  exhibited  near  Bogoalofak  in  the 
North  L'ral.  ML  4Q&. 

 ,  the  copper  vein  of  Turyinak  ia 

rocka  of  the  age  of,  400. 


,  importance  of,  in  the  Tiuian  range, 
possibly  present  on  the  east  flank 

L 

■  exhihitcd  on  the  western  flank  of 
the  South  L'ral  at  Yakina  and  Kraol,  430. 
— ^— — — —  on  the  hanka  of  the  Kiga  in  the 
South  L'ral,  iiLi. 


of  the  South  L'ral,  423. 


ndge.  451. 


.  possibly  exhibited  in  the  Irendyk 

 disturbed  in  parallel  lines  with  the 

Silurian  and  carboniferous  rocka  in  the  l'ral,  4HM 
Devonshire,  Siberian  beds  resembling  the  culms  of,  3113. 
Diallajrc  in  the  serpentine  of  Ustvanava-gora,  in  the  South 
L'ral.  435. 

Diamond  alluvia  near  Bisaersk.  in  the  North  Ural,  390. 
Diamonds  found  w  ith  gold  detritus  at  Chrestovodsvisgeiisk.  4!iti. 
— —  found  in  various  parts  of  the  Ural.  4M 

 ,  matrix  of,  found  in  the  Ural,  4&L 

Diifcrcnce  in  composition  between  the  same  carboniferoua 
masses  in  the  northern  and  southern  regions  of  Russia,  1 13. 
Difficulties  of  traversing  the  L'ral  mountains,  XLS. 
Diluvium.    See  inVicas,  Erratic;  Drift,  Dttrittu,  &c 
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Diminutinji,  gradual,  of  northern  erratic  blocks,  u  llsey  recede 

from  Ihcir  original  source,  JL23. 
Diminution  of  tbe  volume  uf  water  in  tbe  Russian  riven, 

578.  S?B- 

Dimiirofka  (north  of  Bachmuth),  coal  seam*  it,  II* 
1  limy  aria,  number  of  species  of  thii  group,  in  the  Permian 
system,  'J\£L 

Diotua,  calcareous  rocks  (IVrmian)  on  the  bunks  of  the,  1*1- 

Dinrile  of  the  l'ral  mountains.    See  Gretmttmt. 

— — —  of  the  capr  of  llarniin.mil  (Timan),  413. 

Dtp,  slight,  of  the  lower  KUiirian  rncki  of  St.  Pctersbargh, 

 of  the  Devonian  beds  near  Bielef,  &B. 

—  of  the  Inoceranius  (.tViett/u)  sandstone.  848. 

IhfikypAyUum,  a  proponed  new  genu*  of  corals,  described,  t122. 

 comciimvm,  described,  634. 

Diphpfenu  and  Glyptotlnu,  scales  of  these  genera  of  Devo- 
nian fishes  found  north  of  Tchudora,  LL 

Direction  of  the  nortlieru  drift,  constant  nicr  wide  tracts,  i£L 

— — — —  opposite  to  thai  of  the  existing 

river  courses,  iSi,  See  arrows  on  Map,  Plate  VI. 

 of  the  Scandinavian  drift  rxcenrric,  517.  i£L 

 ,  uadeviating.  of  each  trainee  o(  the  northern  drift,  ilii- 

 of  the  principal  lines  of  elevation  In  the  Ural  and 

other  nnrthrrn  mountains  of  Europe,  SH7. 

Dislocations,  transverse,  along  the  north  pshromsc  frontier.  23*. 

 of  carboniferous  strata  in  the  gorget  and  valleys  of 

the  Valdai  Mills,  XL 

 near  the  Dunelr.  102 ;  in  the  L'ral  mountains,  Jj2 

loin. 

 affecting  the  Permian  rocks  on  the  Kidasb. 

—  of  the  Permian  series  near  Salaoucb,  east  of  Kazan, 

Ml 

 ,  absence  of,  in  great  part  of  Russia,  ihi. 

Dislocated  condition  of  the  coal  strata  of  tbe  Donetz  ami  IV- 

trofskava.  116,  ll;>. 
Dislocation,  line  of,  throwing  op  Permian  limestone.  1 83, 

,  marked  by  a  bend  of  the  Biclaya,  4a  I. 
Disseminated  copper  in  the  Permian  strata,  explanation  of,  J  ILL 

 gold  through  various  rocks,  recency  of,  4H3. 

Disturbances,  transverse,  lines  nf,  near  Lake  Onega,  St. 

 —  of  Use  lower  Sdunan  strata  of  the  Pulkotka 

brook,  3L 

 ,  absence  of  any  violent  ones  affecting  the  Russian 

carboniferous  series,  133. 
— —  of  tbe  carboniferous  strata  near  the  eruptive  rocks 

of  Tchaitzin-mis,  416. 
 .  general  dirrction  of  tbe  lines  of,  in  Russia  and 

the  l-'ral  mountains,  i£LL 
Divltintkaya  (Vitecra),  superposition  of  the  carboniferous  beds 

on  the  old  ml  strata  at,  41L 
Djahyk  Karogai,  and  Kara-Kdir-lau,  a  low  granitic  chain  parallel 

to  the  iVal,  i-LL 
Djelcbcek  (Norway),  granite  covered  by  metamorphosed  Si- 
lurian limestone  at,  L4. 
Dnieper  and  Don,  carboniferous  region  of  the  Donetz  between,  SSL 
Dnieper,  absence  of  coal  in  thr  drainage  uf,  117. 
— — ,  extension  of  eocene  tertiary  beds  to,  283. 

 ,  changes  of  land  at  the  mouth  of  that  river,  jllL 

Dobton,  Mr.,  the  first  person  who  suggested  the  idea  of  sln;r 

having  been  effected  by  stones  in  icebergs,  334. 
Dolgelly  in  North  Wales,  copper  ore  found  in  prat  bng,  lfitt. 
Dolomite  in  lower  carbon ifcro'ia  rocks  of  Valdai  Hills,  £2,  til. 
^— —  overlying  the  white  limestone  of  Moscow,  tL 

 (tufaceous)  of  the  Permian  system  near  Perm,  I  l.'l. 

 (black)  in  the  L'ral  mountains,  376.  3X5.  3ML 

 (sacclvaroid >  near  l">t.Seribriin>,k.  Jii- 

 anil  greenstones  in  contact  at  Satkinsk,  JilL 

Dolotuitic  limestones  on  the  hanks  of  the  Tchutsovaya,  L21L 
  conglomerates  of  Worcestershire,  rocks  resembling 

them  in  Russia.  LZiL 
D'Omaliut  d'Halloy,  his  name  of  Peneen,  141L 
Domanik  (black)  schists,  first  classed  as  upper  Silurian,  413,  and 

afterwards  as  Devonian,  642. 


Dambmva  and  llendzin,  Poland,  coal  sixty  feet  thick  at,  Gi_L 
I  Dome,  great  central,  of  Devonian  rucks,  &!L 

 ,  imperfect,  of  the  coal  strata  at  Lissitchia-lialka,  Iii9. 

Don,  river,  near  Voroncjc,  the  most  southerly  point  at  which 
Desouian  rocks  appear,  tUL 

 ,  upper  sections  or  the,  afford  thirty  species  of  true  Devo- 
nian shells  with  ichihyolitca,  62. 

 and  Dnieper, rarlsoniferoiu  region  hctwccn.hiL  SexDomtlz. 

 ,  cretaceous  rocks  of  the,  221L 

.  new  land  near  the  mouth  of,  ■">"■> 

 Cossacks,  clsalk  of  tbe  country  of  the,  SfiL 

 Cossacks,  capital  of  the,  built  of  steppe  limestone, 

DoncU,  coal-field,  and  region  watered  by  tlic,  88.  rUL 

— — ,  carlsoniferous  sections  on  the,  1U2. 

 .  comparison  of  the  coal-field  of.  with  that  of  oilier  parts 

of  Europe.  122. 

,  Jurassic  rocks  near  Ilium  on  tbe,  249,  250, 

 ,  lowest  Jurassic  beds  on  this  river  tbe  equivalents  of 

highest  beds  at  Moscow,  B ' 

,  Jurassic  rocks  of  tbe,  compared  with  the  white  lime- 
stone of  Cracow  and  the  coral  rag,  tkc.  of  England,  *Ari.T 

 ,  chalk  of  the,  'MS. 

Donrtzkaya,  on  Ihr  Don,  natural  sections  of  the  carboniferous 
nicks  near,  JJ12. 

Donkof,  or  Dankof  on  the  Don.  sandy  magneaian  limestones  of 
tin'  Devonian  period  at,  r±L 

D'Orlrigny,  M.  Ale,  his  work  on  South  America,  JL 

 ,  his  view  of  the  analogy  existing  between 

the  termination  of  tbe  paleozoic  and  tbe  cretaceous  pe- 
riods. 210. 

 ,  hit  examination  of  the  Jurassic  fossils  of 

Moscow,  Korosbovo,  a.r.,23n,  (See  Description  of  vol.  iL 
419.) 

Dorpat,  Silurian  dclritus  transported  lo,  J 10- 

 ,  fossil  fishes  from  the  Devonian  Iscdt  of,  40.  52. 

Drauunen  (Norway),  eruptive  and  metamnrphic  rocks  near,  14. 

Drechitilofka,  near  Simbirsk,  tertiary  fossils  at,  27JL 

Drift.    See  also  llhcit,  Erratic:  Detritus,  Ac. 

Drift  sands,  thickness  of,  between  I'st-Vaga  and  L'stiug,  I?* 

 ,  local  use  of  tbe  term  for  the  L'ral  alluvia,  476. 

 ,  forming  tlse  mammoth  clav,  at  Taganrog,  iLCL 

 ,  Scandinavian,  and  erratic  blocks  in  llossia,  507. 

 .  nurtheru,  and  erratic  blocks  near  St.  Pctersburgb,  212. 

,  partial  absence  of,  on  the  banks  of  tbe  Andoiua,  iliL 

 ,  mixture  of,  in  Russia,  222, 

 ,  northern,  deposited  at  the  bottom  of  a  sea,  o±L 

 eicrntrically  thrown  off  from  Scandinavia,  £22. 

■  -  -  ,  yreat  mrutri  of,  hare  acted  Hie  gtacirn,  £36- 

 and  erratic  blocks,  difference  between  them  in  Sweden,  il£L 

 in  the  vicinity  of  polished  rocks  in  Killamry,  j_UL 

,  mounds  of,  act  like  glaciers,  juA. 
 in  Russia  by  rivers,  aili. 

Dubois  de  Montpcreux.  M-,  bis  collection  of  tertiary  fossils  from 

Itutsrlsak  on  the  Dnieper,  .'hii 
i  ,  his  discovery  of  true  eocene  beds  in 

Armenia,  2S0;  bit  Caucasian  maps,  S76.  tiiU_ 
 ,  his  determination  of  tbe  age  of  the 

Volhyoian  and  Podotian  deposits, 

,  his  division  of  tertian-  deposits,  ^roi 
 ,  his  account  of  tbe  tract  between 

Oceania  and  the  Caucasus,  £IsL 
Diiderhiif,  St.  Petersburg,  lower  Silurian  hills  of,  28*. 
Dufrenoy,  M.,  bit  geological  map  of  Trance,  L 
 ,  hit  sicw  of  lite  nummulitic  Iwds  of  the  Pvrciiees, 

284. 

Dutia  liser,  Devonian  rocks  along  the  banks  of,  from  Riga  to 
Kirchholm  and  Kokenhusen,  AIL 

—  .  comparative  absence  of  erratic  blocks  in  the  etltury 

of  thr,  &la 

Duidiof  (Uvnnia),  gypsum  quarrierl  at,  4L 

Durutiun  of  species,  relation  between  this  and  their  wide  exten- 
sion, 211L 

Dumrhcr,  M.    See  M.  Elie  de  Beaumont  on  hit  memoir,  S3SL 

4  a 
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Dwina,  high  raid  to,  north-east  of  Vitegra,  difficulty  of  defining 

the  southern  limit*  of  the  old  roil  sandstone  at,  ILL 

 ,  carboniferous  limestone  extends  beyond,  73. 

 ,  One  cliffs  of  carboniferous  limestone  on  the  left  bank 

between  Suskaya  and  Kakolkskaya,  21L 

 ,  fossils  of  the  white  (carboniferous)  Limestone  of  the,  Tji, 

 ,  the  lower  carboniferous  strata  obscured,  21$ 

 ,  Permian  rocks  exposed  is  ascending  this  river  from 

Archangel,  LZi, 

 ,  shelly  sea-bottoms  observed  on  the  banks  of,  327. 

— ,  phenomena  of  elevation  of  block  s  on  the  banks  of,  on  the 

breaking  up  of  the  frost,  5fl#».  SoT. 

 ,  vegetable  deposits  at  the  mouth  of,  ,170. 

bsrytenskaya  (canal  of  Marinsk),  carboniferous  limestone  at,  75. 

,  fossils  found  at,  25. 
Dykes  of  crystalline  rack  near  Karakuba,  on  the  Kalmiuas,  ILL 
 of  magnetic  ironstone  at  Blagodat,  2Z2» 

EAKLiiurr  stages  in  the  series  of  palaeozoic  deposits  best  eshi- 

biled  in  Scandinavia.  1!)*. 
Eastern  Aanks  of  the  Ural,  geological  structure  of  the,  132. 
Erhini,  spines  of,  at  Kasimof,  in  tlie  carlwniferaus  limestone,  H4 
Echmo-fncrmiif*,  account  of.  .'IH. 

Egcbcrg  (Norway),  metamorphosed  Silurian  rocks  near,  lit. 
Egrrton.  Sir  P.  de  ti.,  hit  aid,  Ml'. 

Ebreubcrg,  M.,  his  remarks  on  Russian  fossil  Infiuoria  (see 

vol.  ii.). 

Eichwald,  M.,  his  works  on  the  older  Russian  deposits  (Preface). 

 ,  his  comparison  of  the  red  earth  near  St.  Peters- 
burg with  the  old  red  sandstone,  32*. 

i  fossils  found  by  him  in  the  isle  of  Dago,  35. 
,  his  art-mint  of  Russian  Silurian  Irilobites,  3"*- 

 ,  notice  of  his  memoir  on  the  Devonian  fishes  of  the 

neighbourhood  of  Pavlosk,  211. 

,  his  account  of  the  structure  of  Mount  Bogdo,  Lit*. 

 ,  his  account  of  plastic  clays  between  Grodno  and 

Kremrnctz,  ','h."i 

.,  his  researches  concerning  tertiary  limestones,  SSJi, 

 ,  his  list  of  Caspian  species  of  shells, 

— — ,  his  account  of  the  Won  Aurochi,  tax 

Kifel,  fish  of  the  old  red  sandstone  found  in  the,  ."' 

Ekaterinburg,  road  across  the  Ural  to,  342.  311, 

 ,  geology  of  the  environs  of,  3£kJL 

 ,  srrlinn  from  this  |iiace  to  Kaltchcdansk,  3ii2L 

 ,  geology  of  the  district  north  of,  3iBL 

 ,  structure  of  the  I'ral  chain  to  the  south  of,  421. 

,  gold  mines  nrar,  lift, 

AVaiwo/Aenitiif,  an  extinct  genus  of  large  quadrupeds  peculiar 
tn  Russia,  501  ■ 

Elephant  and  mastodon,  not  of  the  miocene  period,  ,'toi. 

Elevation  of  land  in  the  Baltic  provinces  of  Russia,  32. 

 of  the  shelly  deposits  of  the  Dwina  and  Vaga,  33L. 

 ,  proofs  of,  nlwervable  in  extensive  coast  lines,  322. 

 of  Russia  after  Last  submergence,  date  of,  528. 

■-  of  land,  marks  of,  near  the  shores  of  Black  sea,  525. 

 and  depressions  nf  land  with  few  dislocatious  in  Rus- 
sia, a&L 

 .  direction  of,  in  the  mountain  chains  of  Northern 

Europe,  582, 

Elevatory  prncesa  affecting  the  level  of  the  great  inland  seas  of 

Southern  Russia,  312. 
Elton  lake,  the  salt  nf,  12*. 

Emprror  of  all  the  Russia*  (tee  Dedication  to,  ami  Prrfact). 

E ui ii »' rich,  M.,  his  work  on  tritobites,  i- 

Emmons,  Dr.,  his  T actinic  system  of  America  referred  to,  A?- 

Encriuital  limestone  (crystalline)  occurring  between  two  erup- 
tive ridges,  JUiti- 

 marble  at  Syrostan,  near  Miask  (Ural),  131. 

Encrinites,  peculiar  allied  forms  in  the  Scandinavian  and  Russian 
Silurian  rocks,  232. 

Engelmanu,  M.,  his  memoir  on  Olouetz,  23. 

England,  north  of,  comparison  of  Doncti  coal-field  with  that  of, 
122. 


England,  Norwegian  detritus  in,  521. 

English  mining  expressions  used  by  the  Russian*,  107. 

Enikale',  or  Yenikale,  tertiary  marine  fossils  found  there,  2U3. 

Eocene  tertiary  fossils  at  Antipof *a  on  the  Volga,  277. 

^— -  deposits,  probable  wide  extension  of,  in  Ger- 
many, Poland,  2212 ;  opinion  modified.  032. 
 on  the  Dnieper,  g*3 

— —  im  the  Lower  Volga,  23iL 

 of  Russia,  general  account  of,  284, 

■  near  Simbirsk, 282 ;  in  Armenia,  28!«. 

Eqiiisetaceou*  plants,  fossil  remains  of,  in  the  siliceous  grits 
i Jurassic)  of  Moscow,  210. 

Eraol  (South  Ural),  Devonian  rocks  seen  at,  130. 

Eranlski  Gora  (South  Ural),  sycuitic  boulders  on  flank  of,  a.ti> 

Ereuiell.    See  Irrmrt  (South  Ural). 

Erumatoltthut  madrrj/oriln  (jioriformu)  of  Martin.    See  Li- 

thottrotion  jlorifbrmt, 
Erman,  M.,  Ail.,  bis  geological  map  of  Siberia,  fiL 
  his  determination  of  the  position  of  the  Ob- 

dorsk  mountains.  311L 

 his  determination  of  the  rocks  of  Obdortk,  all 

Erosion  of  the  surface  of  racks  in  Norway,  512. 

 of  the  upper  cretaceous  rocks  not  observable  in  Russia. 

228. 

Erratic  blocks.    See  Klaekt,  rrratir. 

Erupted  rocks  of  the  Ural,  tome  of  comparativelv  modern  date, 
IfijL 

Eruptive  origin  of  the  magnetic  iron  ore  of  Blagodat,  .18t>. 

 of  the  Ireudyk,  453. 

Eruptive  rocks,  near  Christiania  and  Drammrn,  Li*. 

 —  in  Sweden,  Li  et  see. 

— — — —  of  the  I-apland  Russian  frontier,  23  ef  sey. 

 of  the  Timan,  415 ;  of  the  Ural.  332  ft 

 between  Verch-Uralsk  and  Orsk.  HI. 

Escarpments  of  Jurassic  rocks  generally  absent  in  Russia,  fret* 

 of  Upper  Jurassic  rocks  on  the  Donctz,  251L 

Esrars,  explanation  of  origin,  5UL 

Eslbonia,  bituminous  schist  (lower  Silurian)  in,  jfa& 

 ,  lower  Silurian  rocks  of,  33*. 

A'tunuMaou  yvalleriatut,  characteristic  lower  Silurian  shell, 

 prnlttngutatui,  characteristic  carboniferous  shell,  7ti. 

Eurite  of  the  Ireudyk  ridge,  133. 
— -  on  the  IsseU  near  Smolino,  363. 
European  equivalents  of  the  Russian  Jurassic  racks,  231. 
Evst,  a  tributary  of  the  Diina,  uudulatioits  of  the  strata  near. 
U. 

Excentric  distribution  of  the  northern  drift.  5<H. 
Kngyra  found  in  the  greensand  near  Kaunschine,  2*fi. 
Extension  of  species  in  space,  relation  between  this  and  their 

duration  iu  lime.  '■'  I  '>'. 
Extent  of  detritus  in  Russia,  5112. 

Fai  u  of  the  Narva,  recession  of,  31. 

False  stratification  in  the  sandstones  beneath  the  steppe  lime, 
slune,  39JL 

Faults  seldom  recognizable  in  European  Russia  ( jwuvim). 
Fauna  of  the  Silurian  deposits  of  Russia,  M. 

 of  llse  Devonian  or  old  red  sandstone  series  of  Russia,  ti2- 

•  —  of  the  Russian  earlwtiiferous  system,  LSI. 

—  of  the  Permian  system,  2115. 

,  tabular  list  of  species  of,  221. 

 ,  recapitulation  of,  222, 

Farotiln,  the  relations  of  this  genus  of  corals  to  Vktlriet,  *"i 
Fortnilet  atreotariM,  Gohlfuss,  description  of  Russian  specimens, 
«m 

-  PrlrofHMImtu,  Pander.   See  CSnMet  PetropoMamut. 
 —  polymorphs,  Goldfuas,  description  of  Russian  speci- 
men* of,  filiL 

Feathrrstonhaugh,  Mr.  G.  \V.,  bis  application  of  English  classi- 
fication to  America,  3. 

Features,  characteristic,  which  distinguish  the  Permian  from 
the  carboniferous  rocks,  2WL 
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Felkencr,  Lieut.,  hit  account  of  the  rocks  on  the  cut  thore  of 

the  Caspian,  3tW,aiX 
Felspar,  decomposed,  of  Ksjtcbcdansk,  Sfifl. 
— —  porphyry,  of  a  pink  colour,  in  the  lower  conglomerate 

of  the  DoneU  coal-rield.  H3 ;  in  the  South  Ural.  JJ_L,  111 
Telepathic  rocks  of  the  Ircndyk  ridge,  *r>'t 

 —  associated  ssitb  iruld  t»rr,  i"7. 

— — —  and  gvteiaalc  rocka  of  the  tout  hern  aleppea,  !1L 
FrofttUa,  moat  abundant  coral  of  the  Permian  system,  gofl,  8U. 
PcodorofVkaya,  cm  the  Volga,  J  uraaaic  hedi  capped  by  cretacrjous 

rocks  at,  tit, 

Per  oxydulc  ( magnetic  iron),  its  constant  presence  in  igneout 

rocka,  Sal. 

Ferruginous  aanda  with  ironstone  concretions,  with  foaailiferoua 
Juraasie  rocks,  1X\ 

^— — —  with  green  grains,  in  the  Moscow  basin,  230. 

 sandstone  of  Tataruva,  fossil  plants  of,  2iij. 

 of  Russia,  probability  that  all  of  then  lielong 

to  the  coral  rag  formation,  213. 

 and  lignite,  underlying  oolitic  beds  at 

Kamenka  on  the  Doneti,  851. 

Fibrous  iron  ore  of  Yurasamskoi  in  the  South  Ural,  42tt. 

Pilosofakaya,  in  nurtliern  Russia,  Pusulinar.  observed  near,  87. 

Finland,  gulf  of,  the  structure  of  some  of  its  transverse  erup- 
tive islands  described,  ***. 

,  section  on  the  shores  of  the  gulf  of,  34. 

— — ,  angular  blocks  on  the  banks  uf  the  gulf  of,  nil. 

 ,  identity  of  erratic  blocks  on  the  Slavetika  with  the 

rocks  of, 

Fiaelier  de  Waldbeim,  M. ,  hla  work  on  the  ens-irons  of  Moscow 
referred  to,  BO. 

,  his  kkopalwltin  ManftUii  of  the 

i'rrmian  rocks.  lAi_ 
 ,  his  names  of  Permian  plants,  a  1 : 

and  vol.  ii. 

,  his  researches  concerning  the  Juras- 
sic fossils  of  Russia,  £LL   (See  sol.  U.) 

 ,  hia  account  of  the  fossil  quadrupeds 

of  Russia,  iUJ- 

Flsbea,  fisssll,  their  remains  not  hitherto  found  in  the  Silurian 

rocks  of  the  continent,  *w. 
— — —  (Devonian),  remains  of,  in  marlttone  south  of  St. 

Petersburg,  Soffit*;  at  other  places.  12  el  Ms;. 
Pishes,  fossil  (Devonian),  M.  Eichwald's  nienioiron  this  subject 

commented  on,  23L 

 found  In  the  gorge  of  the  Prik»ha,UL 

,  no  other  fossils  found  in  the  sandy 

and  argillaceous  Devonian  rocks  near  take  Onega,  4H. 

 ,  of  Riga,  52;  of  Orel.  56. 

— — — — —  ,  gigantic  species  from  Dorpat,  53. 

,  of  Russia,  and  their  relation  to  those 

found  in  Scotland  in  the  old  red  sandstone,  rLS  r/  see. 

,  remains  of,  found  on  the  Vol,  414. 

 (Permian),  account  of,  212. 

,  not  rare  in  rocks  of  this  epoch.  aiH. 

 (Jurassic),  from  the  Volga,  211L 

 (Tertiary),  described  by  Pallas,  1U4- 

Fisaures,  singular,  teen  in  some  parts  uf  Russia.  1 7 1 . 

Flags,  calcareous,  on  the  western  flank  of  Mount  Kali)  in  the 

South  triil,  sUO. 
 ,  on  the  Vloia.  30*. 

Flagstones  of  Berhcf  on  the  kaluiiuss  (carboniferous),  ilj;  and 

ahale  of  the  Miuta  (carboniferous),  [fiL 
 ,  granitic,  near  kaucssk  and  Mlask  (South  Ural), 

4S3.  ISi. 

Flexible  schists  (Silurian)  on  the  Ukhta.  A1A. 

Flexures  and  contortions  in  the  country  of  the  Donets.  9>L  Mel ; 

on  the  flanks  of  the  I'ral,  :tJ7,  :>f.,'t.  3r>3  rt  scy..  1211c/ sej,., 

llii  rt  trtj. 

Flint,  courses  of,  in  the  cretaceous  rocka  of  Utpentk,  21HL 
—  and  chert  associated  with  I'rrmian  grita  and  shale*.  L53. 
Floods  occurring  in  Russia  during  the  spriug,  their  great  extent 
and  effects,  ilL 


Flora,  Permian,  general  remarks  on,  218. 

/"'jntssi/Ki/i-ro,  great  abundance  of,  in  the  rocks  of  the  Russian 
carboniferous  scries,  1M- 

Porbes,  Prof.  Edward,  his  existing  Scottish  analogy  to  the  be- 
ginning of  the  Aralo-Caspiau  fonnatlon,  3H2. 

 ,  his  proofs  that  the  arctic  character  of 

species  does  not  wholly  depend  on  latitude,  55  a*  ■ 

Forbes,  Prof.  James,  hit  views  of  the  nature  of  glacier  move- 
ment, 51 H. 

Furchhainmer,  Prof.,  hia  analysis  of  metamorphosed  limestone 

at  Djelebcck  (Norway).  LL 
 ,  hia  memoir  on  the  conversion  of  fucoid 

achats  into  gneissnse  rocks,  referred  to,  LIS. 

 ,  his  geological  map  of  Denmark,  S1L. 

 ,  hit  opinions  on  the  transport  of  boulders, 

Forests,  absence  of,  in  Southern  Russia.  .rili  1 

,  effects  of  their  destruction  in  Northern  Russia,  alA. 
Fotsiliferous  beds  (Silurian)  on  the  banks  of  the  river  Is,  North 
Ural.  201. 

 (Devonian)  on  the  Serebrianka  and  Tchuaao- 

vaya,  32L 

^— — — — —  (Carboniferous)  appearance  of  on  the  Isaetz,  in 
Siberia,  363. 

■  on  the  eastern  flanks  of  the 

lral.  132. 

 (Permian),  at  Svlatk  and  Kazan,  Mi 

,  on  the  river  Piana,  llRL 

 (Jurassic)  of  the  Ural,  lUrL 

 (Jurassic)  at  Okaevo,  on  the  Oka,  23sL 

PosaiU  (Silurian  ),  general  remarks  on  their  distribution,  2H  tl 

 many  species  common  to  Russia  and  other 

parts  of  the  world,  36* ,  37*. 
— .  absence  of,  near  the  Silurian  axis  of  the  Ircndvk  chain, 

Ififl. 

  (lower  Silurian)  from  many  localities  in  the  governments 

of  St.  Petersburg  and  Esthoriia,  2JL22  to  aiL 

 in  the  Arctic  I'ral,  lli£L 

 (upper  Silurian)  of  Norway,  12* 

 of  Gothland,  U&, 

,  wide  distribution  of  certain  species  of, 

12. 

  found  by  M.  Pander  in  the  Russian 

island  of  '  ><•■<■! ,  35. 
  found  in  the  Ural  mountains.  ML  tiZiL  iliiL  02!L 

H'l.  t'>2,  fill  el  >,</. 

 found  in  the  Arctic  Ural,  UM. 

  found  in  the  Timan  nuige,  ILL 

 I  Devonian)  of  Marina  and  PoriU  (St.  Petersburg).  3H 

33l.TO*. 

 of  Tchudova  south  of  St.  Petersburg,  IS. 

 at  Bor,  on  the  Volkof,  13. 

 ichthyolites  on  the  banks  of  the  Volkof,  jUL 

 between  Riga  and  Dorpal,  51. 

 gigantic  bone*  of  fishes  (CAekmieAlky  At- 

murii)  at  Diirpat.  A3. 

 ,  general  view  of,  62  tl  asJV, 

 of  the  flanks  of  the  Ural  mountains,  3CC,  3«W,  3K4,  2*!L 

 of  the  Timan  range,  ILL. 

 (carboniferous)  of  the  limestone  of  the  Priksha,  12. 

,  casts  of,  in  magnrsian  limestone  of  this 

period,  LL 

 ,  of  the  Moscow  limestone,  HL 

,  of  the  FuruIiHa  limrstnnr.  7JL Isi,  Nj, UH. 

 ,  associated  with  coal  at  Alriandrofsk,  afi. 

  — .  of  the  limestone  alternating  with  the 

coal  seams  of  Lissitchia  llalka.  L11L 
 ,  of  the  Donelr  coal.fleld.their  importance 

to  the  practical  miner,  122. 
 ,  characteristic  of  the  calcareous  grit  of 

Artinsk.  L22L 
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Fossils  fcajboniferoiis'i.  general  remarks  on  the  Russian  series  of, 
U2  n  sec. 

.  on  the  flanks of  the  L'ral  mountains, 'M7. 

 — — -.  found  in  the  Arctic  l'ral.  41*' 

—  .  fount]  in  Ihe  Timaii  ranirr.  Hi, 

-,  found  it  Cossatchi.dll  i  hi,  in  (he  South 


1  ml,  4,.9.aUlL 

—  (Permian),  they  form  a  distinct  palaeozoic  group,  12SL 
,  found  at  Grrl  em  and  many  oilier  spots  on 


(hr  west  flunk  of  the  South  I  'rnl,  UK. 

.  Productus  limestone  at  Mrtcftamak,  Nijni 
Troitsk,  &r.  (Bielebel),  lift. 

 ,  of  rrp(ilian  animal*  deacrihed  bjr  M.  Fischer 

de  Waldhrim,  lil- 

 ,  found  on  the  hanks  of  the  Volga,  I  Hi. 

 ,  from  the  Piana  river,  Ulft. 

,  from  strata  at  Ust-Vaga  on  the  Dwina.  171. 
,  general  absence of,  in  the  tufaceous  limestones 


beds.  ML 


on  the  Dnieper.  28ft ;  list  of,  from  Bulsehak,  2HzL 

 from  Simbirsk,  SSL;  from  Antipofka, 


of  the  Volga,  HI. 

.  of  Cyt&ernur,  or  shells  rrsemhling  tliern,  the 
only  ones  found  in  certalu  red  marls,  U12. 

-,  probably  form  (he  base  of  the  Bogdo  Hills, 

-,  entirely  distinct  from  those  of  the  Triassic 


Franconia,  Devonian  rocks  of,  3*. 

Frears,  Mr.,  bis  researches  in  the  environs  of  Moscow,  8L 

 ,  his  valuable  assistance  in  colleMing  (he  Jurassic 

fossils  of  Moscow.  jai.   (Sec  fuatils  named  after  him  by 

us,  vol.  ii.) 

Frelierra.  (Sweden)  limestone  with  Splucronitct  at,  IS. 
Frcdrricksviirn,  granitic  rock  of,  resembling  that  of  Cornwall, 

Freezing  cavern  in  gy  pseous  hill  at  Illclzkayo-Zastrhlta.  im 

Frcloftki  (North  l'ral.'.  copper  mine  of,  ,HW>. 

Freshwater  tertiary  shells  <lepovi(ed  in  (he  bed  of  an  ancient 

Mediterranean  sea.  iM>7. 
Fmst,  disruption  of  rocks,  and  heaps  of  Mucks  caused  by,  ftft&. 
Frozen  soil  of  Yakutsk,  ISHi 
Fucoids  in  the  lower  shale  of  Norway,  LL 
 ,  presence  of,  in  the  lower  Silurian  clay  near  St.  Pe- 
tersburg, 201 

characterize  the  lowest  Silurian  strata  of  Scandinavia 


,  grnrral  review  of  the  whole  series,  2115  rl  mt</. 
 .  tabular  lint  of,  221. 

-  (Jurassic)  of  the  Middle  Volga.  23JL 

 of  the  Oka  and  the  Mnskwa,  S2£  -JAi. 

 of  the  Moscow  hasin,  23fL 

-  of  the  ferruginous  sand  and  siliceous  grit  near 
Moscow,  23*,  211L 

 nf  the  deposits  of  Orrnhurp;,  ZAL. 

-i  of  the  deposits  on  the  Duiiett,  21L 

 of  (he  white  limestone  of  Cracow,  on  the 

hanks  of  the  Vistula.  J.VI 

 general  result  of  the  examination  of,  ill  ef  aey. 

—  of  Saurians  from  Simbirsk,  2iH. 

-  i  I'rrtaceous)  of  Ihe  '  planer  kalk'  of  Saxony,  Mi. 
 ,  collection  of,  in  the  Museum  of  Warsaw, 


  of  Poland  and  Ihe  Carpathian*.  2111. 

— — — —  of  the  country  of  the  Donetz.  2filL 

 of  the  banks  of  the  river  Ural,  J7JL 

 nf  the  Volga,  near  Simbirsk,  2iX 

—  (tertiary  eocene)  in  the  Crimara.  immediately  above  ere* 
tarroiu  Isrds,  I 

near  the  rity  of  Kief,  and  at  llutsrhik 


MS. 

—  (tertiary  miocene'  from  Wielicrka  ( Poland  •.  2UL 

from  Koronitra  in  Poland,  and  the 


Upper  Vistula.  Jtiti 

 from  PodoUa.  Volhvnia  and  Bessarabia,  891.  2!li. 

— —  from  Taganrog  on  the  sea  of  Azof,  28ft. 

 (upper  tertiary)  of  a  brackish  water  Mediterranean,  form 

the  Aralo-Caswan  or  steppe  limestone.  21t7-.*l27. 
— — — — ^— —  from  Novo  Tcherkask,  ftQL 

 from  the  Crinn,  ftQJ_ 

 from  tlse  cliffs  of  the  Caspian,  30fL. 

 from  the  cliffs  of  live  Aral  sen.  31LL 

 from  the  lsasin  of  Bnlgar,  XLL 

— — — — — — —  from  the  steppe  of  Astrakhan,  316. 

 of  raised  North  Sea  beaches  on  the 

Dwina,  I'st-Vaga  ami  Petchora.  329,  322. 

-,  remains  of  quadrupeds  in  the  North  and 


Snuih  Urul,  IZiLiiiL  w±  marl 
■  in  Euro)iean 

Russia,  .1IM>. 

France.  Silurian  rocks  of,  4;  Gres  de  Voages  of,  Jurassic 
rocks  of,  2UL  ill ;  cretaceous  system  of,  i&L 


and  Russia,  L5*^  3JL 

in  Devonian  limestone  of  Tcbudosa.  12. 


PimtiHa  limestone,  its  position  in  the  upper  part  of  the  Russian 

carboniferous  scries  on  the  Volga,  Hi. 

 — — — —  occurring  at  Goradofka  (South  Russia),  !UL 

  found  on  the  Dirlaya,  lift. 

Futittm.r  in  the  upper  carboniferous  strata  (road  to  Archangel'. 

ill 

 ,  in  the  upper  rarhouifcrous  strata  at  Velikovo,  Hi. 

on  the  I'ssa  and  Volga,  Hfi;  at  Goradofka,  1BL 
 found  in  the  Gunuaya  hills  (South  Ural),  l&L 

GAi.AiiorsKt,  Colonel,  his  assistance,  228. 

Gariiatnf,  on  the  Oka,  large  erratic  block  at.  -Via. 

Garnet  nsck  (altered  Silurian  limestone),  Djelebcck,  Norway.  11, 

 (altered  l>ev»nian  limestone),  Turyinsk  (North 

frai),  aati, 

 between  walls  of  serpentine  (South  Ural),  134, 

Garnets  in  strata  penetrated  by  intrusive  rocks,  i.'l.'l 
Ge+coig'ir,  a  Scottish  miner,  first  explorer  of  tlse  iron  ore  and 

coal  in  the  country  of  the  D.mkIZ,  Ul7. 
GiUtrrtrpoda,  their  rarity  among  Permian  fossils,  121111 
Geiniti,  Dr.,  his  list  of  ihe  zerhslein  fossils  of  Sasony,  21ft. 

 — ,  his  views  on  the  cretaceous  rocks,  iiii. 

General  uhject*  of  the  present  work,  HI. 
Geneva,  freezing  caserns  near,  197. 

Geologists,  one  of  their  great  objects  of  late  yean  the  insetti- 
gation  of  the  older  palaeozoic  rocks,  L 

Geography,  physical,  of  Central  Russia,  2U£ ;  of  the  Ural  moun- 
tains, ;uil 

Geological  evidence  of  the  modern  distribution  of  auriferous 
alluvia  Into  the  Ural,  47s?. 

Germany  and  Belgium,  older  ptvueozolc  rocks  of.  3. 

,  development  of  tlse  cretaceous  system  In,  **1 

 ,  greater  resemblance  of  Ihe  Russian  cretaceous  depo- 
sits to  the  series  in  those  countries  than  to  those  of  the 
rest  nf  Kiirope,  27JL 

 ,  Northern,  and  Poland,  probable  existence  of  eocene 

tertiaries  in.  283.   (See  also  Appendix  P.) 

Gennar  and  Kurtze,  their  list  of  the  foaailt  of  the  kunfer- 
schiefer  of  Mansfcld.  L'l.V 

Girialskaya  (Urenburg),  sandy  conglomerate  (Permian)  nf,  LUL 

(ilaboka  (Donetz),  while  chalk  on  Ihe,  SOU. 

Glacial  action,  no  appearance  of,  in  Use  Ural  mountain-,  i  la, 
522. 

 ,  effects  like  it  may  have  been  produced  by  great 

masses  of  drift,  i3!L 

 theory,  its  ntter  inapplicability  to  Russia,  13SL 

Glaciers,  their  agency  assumed  by  Agaasiz  to  account  for  the 

phsenomena  of  far  transported  drift. 
 probably  one*  existed  in  the  mountains  of  Norway, 

Scandinavia  and  Lapland,  52H.  548.  OA. 

.  Iiuw  they  have  contributed  to  form  sea-bottoms,  &3!L 
 ,  their  former  existence  anil  advance  impossible  in 

Sweden  and  Russia,  ILL 
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Glelwitz  (Silesia),  boulders  at.  ii!L    (  Err.  in  text  GlelaiU.) 
Glen  Roy  (Scotland),  parallel  ridges  of,  5<i». 
Glinka,  General,  hi*  a»»istanrc,  iUW 

Ofyplmtrms  reticulata  and  thploplmn,  icblhyolilet  found  to 

the  south  of  St.  Petersburg,  33.  41.  43. 
Gneiss,  proof  of  iu  existence  in  iu  ordinary  condition  (a>  an 

altered  rock)  Wore  the  deposit  of  the  overlying  Silurian 

rocks  of  Sweden,  HL 

 and  fcUptthic  rucks  of  the  southern  »tcppr»  of  Kn»na,91. 

Gneissose  rocks  of  Norway,  LL 
Gobel.  M.,  his  analysis  of  the  Caspian  water,  3U1L 
Golubinskaya,  errtneenus  section  on  the  Don. 
Gold  alluvia  of  Nevtansk  (North  I  ral,,iili£i. 

 near  Bisservk  (North  Ural),  3UU. 

— — —  not  associated  with  the  copper  on  the  west  flank 

of  the  Ural  tuouutains,  471. 

 ,  nature  of,  476. 

 —  at  Suiinanoftk  (Smith  I' rail,  4H7. 

 ,  limits  of  its  distribution,  1 79. 

Gold  ores  al  Littveaaya-gora  (South  Ural),  43a. 

,  period  of  its  introduction  into  the  Ural, 

 ,  usually  in  quarts  veins,  477  rt  tey. 

 ,  a  large  lump  of,  weighing  7J<  English  pounds,  found  at 

Zarevo.Alevanclri.fvk.  IstM,  Xiili. 

 mines  of  berczuvsk  {Ekaterinburg}, 

— —  of  Curcttovodsvitgcutk  (west  of  North  Ural),  480. 

 of  Peshanka,  near  itogoslofsk  (North  Ural),  482. 

 south  of  Minsk  (South  Ural),  ito. 

(■old  produce  of  Siberia,  Mr.  Murchison's  discourse  on,  still, 
Goldingen  :C«iirland),  Devonian  strata  at,  51L 
Goniatite  gTita  (carboniferous)  of  the  Tchiuaovaya,  1-'/. 
 found  al  Artiusk, 

Goniatites  in  Domanik  tchistt  on  the  I  Tthlat  Devonian ),  4 1 4.  fixi. 
Goradofka,  near  llachmuth,  sec  tion  through  the  carboniferous 

rocks  from  Karakuba  to.  IflL 
Gorbiitof  on  the  Oka.  I'erinian  red  marls.  180 ;  northern  drift 

and  large  blocks  at,  HU. 
Gorbatcliofskaya  (Donetz),  sequence  of  carboniferous  rocks  at, 

as. 

Gorge  of  alabaster  ( I'ermian)  al  Kalctxkaya,  througli  which  the 
Dwina  runs,  173, 

Gorges  of  carlwn  ifrrou«  and  Devonian  rocks  on  the  banks  of  the 
Tchussovaya,        3H6,  »/  trtf. 

— —  rarely  or  never  formed  by  ordinary  rivers.  34JL 

Gorodnla.  near  Kolomna,  white  carboniferous  limestone  ob- 
served near  the  post  -house  of,  83. 

Gomditche  on  the  Volga,  account  of  the  section  at,  illi. 

 ,  bituminous  schists  {  Jurassic)  of,  - 

,  concretions  of  impure  argillaceous  limestone  (Ju- 
rauic)  at,  Hi. 

Gorodok  (east  of  Perm),  section  of  the  strata  of  the  carboni- 
ferous series  at,  LIZ. 

 ,  fossils  found  in  the  Permian  rocks  at,  143, 

Gory ii  (south  of  Grodno),  tertiary  rockt  on  the  banks  of,  28S. 

Gosuclarev-liiiyerak  i  Doner*),  gntstnnes  and  other  rocks  sub- 
ordinate to  the  limestone  at,  llkV. 

Gothland,  upper  Silurian  rocks  of,  identical  with  those  nf  En- 
gland, la* 

 ,  contemporaneity  of  the  strata  In  Oesel  and  Dago 

with  those  of,  3ii. 
Gouneir,  or  Gurielf.  gypsevius  elevations  near,  1 IH 
Gourmaya,  or  Gurmaya  Hills  (South  Ural),  carboniferous  lime- 
stone of,  US. 

  Permian  beds  from  Verchnl 

Ozeniaia  to  the,  UJL 
Grabovaya  (Doneu)  dark-coloured  carboniferous  limestone  and 

flagstones  of,  22, 
Grafskaya  Slavenka  (south  of  Czankoe-Cdo),  fossils  from  the 

quarries  of,  S8- 

Gratnte  piercing  metamorphoiied  Pentamenu  limestone  at 

Djelebeck  (Norway),  li. 
Granite  of  newer,  as  well  as  of  auric  age  in  Norway,  1]*. 
 and  granitic  gneiss  ancient  date  of,  in  Sweden  122. 


Granite  steppe,  the  basis  of  the  Donetz  coal-field,  90. 
 of  the  Timan  range,  i  13. 

 with  many  minerali  t,Ural),  3«L  393,  *XL  iii!L  11141  H 

mtf. 

•      seen  in  the  descent  from  the  I  ral-tau  to  the  Miast 
river,  i&L 

 ,  stratified,  opinion  of  Humboldt  on,  4&L 

 ,  newer  granites  of  the  Ural,  how  distinguished  from  the 

older  of  Scandinavia.  301.  39i.  442  rt  ttf . 
— —  of  Ui  near  UvcUk,  441 

 ,  greater  abundance  of  in  the  lower  ridges  of  Siberia 

than  in  the  Ural,  XIX 
  knolls,  resembling  the  'cheese-rings'  of  Cornwall,  occur 

at  Stepnnya  (east  of  the  Ural),  443- 
— —  of  the  Kirghis  steppes,  the  eruptive  newest  rock,  XIX 

 of  the  Carpal liiaus,  its  age,  Cofi, 

Granitic  gneiss  of  Norway,  of  the  most  ancient  (azoic)  date,  11. 

 veins  in  the  gneissose  rocks  of  Norway,  LL 

 rocks,  M.  von  Bueh's  account  of  their  structure  and 

form,  IB*. 

— —  rocks  of  Sweden  and  Norway  of  different  epochs,  1 1, 

»«.  ifi*. 

 steppe  of  Volhynla  and  Podolia,  height  of  it*  western 

extremity,  &L 

 rocks  of  Siberia,  recent  eruption  of,  3<i  1 ,  .T.'j,  l-'tl.  iXL 

 zone  to  the  cast  of  Ngny  Tagilsk,  37»j. 

— —  axis  of  the  Timan,  age  of,  4lfl. 

i  flagstones  near  Ranevsk  and  Miask,  423.  t.'lT. . 

Granitifonu  ridges  of  the  Ilmen  Hills  east  of  Miask,  '■'<-'. 
Granitoid  rocks  of  the  Kalmiuss  (Don  Cossacks),  ILL 
Gra|i«dite  schists  at  Kiunekulle  (Sweden), 
Graptolites  in  the  lower  Silurian  rocks  of  Rin-.it.  Jh*. 
Graubr,  M.,  hit  assistance  in  the  North  Ural,  381 
Grauwackc,  quanzose  and  siliceous,  on  the  Kiga,  432. 
Gravel  and  alluvia  near  bisservk,  '.VM    See  Vitutium. 
 containing  elephants'  bones  and  gold  at  various  places  on 

the  east  flank  of  the  Ural  mountains,  47M.  182,  187. 
"  Gratslooe,"  a  felspalbic  greeiutone  at  Sinoliuo  (Issctz),  363. 

Ml 

Grebeni  (Orenburg),  hills  of,  afford  a  good  example  of  the  dis- 
locations of  the  Permian  rockt,  XSX 

 ,  fossilifcrou*  Permian  limestone  at,  1XL 

Green,  Dr.,  his  memoir  on  the  Trilobitea  of  North  America,  i. 

Green  grains  in  the  bottom  layers  of  '  plcta,'  or  lower  Silurian 
lniicstonc, 

Greenland,  lithological  resemblance  of  tome  beds  of  the  Jurassic 

period  in  the  Moscow  basin  to,  231L 
  interposed  at  Izium  on  the  Donetz,  between  the 

upper  Jura  beds  and  the  white  chalk,  Ml 
 of  die  cretaceous  period  at  Uspentk,  on  the  Donetz, 

■J.;.; 

Greenstone  injected  into  crystalline  rockt  in  Finland  and  l-ap- 
land, 2£L 

 dyke  at  Nijny  Tagilsk  (North  Ural).  3iiL 

 ,  frJtpalhic,  of  the  Katchkanar,  with  magnetic  iron, 

398. 

 of  Cape  Banniu-mis  (Timan),  413. 

— — —  in  contact  with  dolomites  at  Satkinsk  (South  Ural), 
i±L 

 porphyry  of  Gnixnuthinsk  (South  Ural),  444. 

 .  lull  of,  at  IWwajeruki-gora  (Orsk),  44li. 

 ,  undulating  cones  of,  in  the  Guberlinski  Hills,  448. 

 ami  porphyries  of  tlse  axis  of  the  South  Ural,  X1L 

Grenna  (Sweden),  section  of  lower  Silurian  strata  at,  17V 
Ore*  d'Artinsk,  account  of,  L£L 
Grit  de  Carpal  hes.  age  of,  264. 

Ores  de  Fontainebleau.  resemblance  of  the  Ungulite  grit  to,  S2. 
Grit  de  Vosgcs  a  portion  of  the  Permian  group,  2U3. 

,  iu  elevation  anterior  to  the  deposit  of  the  gri-s 
bSgarre,  2UL 

Grey  colour  of  Use  Russian  Silurian  rocks  contrasted  with  the 

reel  colour  of  the  Devonian  series,  21k*. 
Gritstones  of  middle  carboniferous  rockt  of  Russia,  HZ. 
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Gritstone*  of  th«  northern  carboniferous  district*  of  Russia 
subordinate  to  the  carboniferous  limestone,  H'5, 

 of  Smrof  near  Trhittopol,  111 

Grits  (carboniferous)  containing  guniatites,  122* 
 of  Artinsk,  liflL 

 containing  whetstones,  found  near  the 

mouth  of  the  Ussa,  ALL 
. — —  used  foi  millstones,  and  carbonifcroui 

limestones  of  the  Timan  range,  ILL 
"  and  conglomerates,  near  Orik,  llfi- 
 and  conglomerates  ( Devonian)  of  Akri-tau  on  the  eastern  , 

flank  of  the  South  Ural,  Hill 
  (Permian),  calcareous  and  fossiliferous,  occurring  on  the 

banks  of  the  lift,  MJL 

 (Jurassic),  siliceous  beds  of,  at  Koroshovo  :  Moscow),  '/.'tfi 

 of  Moscow,  their  geological  ]Kisition  among  the 

Jurassic  rocks,  2311. 

 (tertiary )  of  Kaltchcdansk,  386. 

 of  Vcrkhoturic,  MIX 

Groliovo  (Ural),  crystalline  limestone  at,  .Vui. 

 ,  road  to  the  east  of.  ;t>rt, 

Grodno,  tertiary  l>eds  in  the  neighbourhood  of,  2S&, 
Gromatucha,  llabka.  Ike,  sections  of  lower  Permian  rocks  near 

these  rivers,  ILL 
Grujefka  or  Gnigefka  (Donetz),  anthracite  of,  UIL, 
Griis  (Kovno),  grey  Silurian  limestone  worked  at,  .14* 
Gruskaya  on  the  Ycskino,  coal  at,  ml 
GruTnuxhinsk  (South  Ural),  greenstone  pr>rphvry  of,  LL1 
Gryphm  dilatala  characteriies  tlx  Osfordian  l>eds  of  Russia, 

itltoilL 

Guberllnaki  Hills,  plutonic  rocks  of,  LU;  sketch  of,  HJL  954. 

Guiana,  large  NmUlers  found  in,  iiii. 

Gumcschrfik  (I'ral),  copper  ores  of,  ILL 

Gurmaya  Hills,  or  Goormaya  (South  Ural/,  sketch  of,  150,1151; 

carhonifcTnu*  limestone  of,  1,'W 
— — — — — ,  Permian  beds  from  Vcrchni-O/ernaia  to  the, 

t  mi  bier,  Capt.,  his  account  of  coal-field  and  plants  of  Zwickau,  ! 
I 'III 

Gypsum  (Iscvnnian)  of  the  central  members  of  the  Devonian  , 

system  in  the  Valdai  Hills,  1L 
 at  Diinhof  in  Courlaud,  and  elsewhere  on 

the  Dunn,  ii_ 
— — — — —  of  the  river  Sinara  (Siberia),  Itf 
  (Peimian)  with  limestone  and  cop|icr  de|>osits  near 

Perm,  ILL 

— — — —  and  alabaster  near  Sterlilamak,  UIL 
 ,  concretionary  masses  of.  with  caverns,  in  the 

valley  of  the  Ik,  L51L 

 ,  lofty  cliffs  of,  at  llarnukova,  lfi7. 

 .  of  the  Plncga  and  Tioga,  ami  its  relations 

with  the  carboniferous  limestone,  U_L 

,  splendid  gurge  of,  on  the  Dwina.  I  7  ' 

 occurring  west  of  the  Timan  range,  ILL  i 

 (miocene  tertiary)  overlying  the  tertiary  rocks  on  the  I 

Dniester  in  Pmtolia.  2115. 

,  bed  of  doubtful  age  (probably  Devonian)  at  Bagariatsk 

on  the  east  flank  of  the  Ural,  liX 

11*1,1,  Mr.  J.,  his  survey  and  palaeozoic  fossils  of  New  York,  AL 

 ,  Sir  James,  bis  application  of  De  Sauuure's  views  with 

regard  to  striaied  and  pobshed  rocks,  •*  I!'. 

Hardwick,  General,  his  collection  of  Nepanl  fossils,  -"»7 

ilarmoHitet  dutanx.    Sec  Syriuffopora  itutmu. 

 panttehu  of  Fischer.  See  Syrmyopora  peraUeta. 

Heights  marked  in  the  Map,  the  authorities  for  and  extent  of 
accuracy  of,  £L 

Helmersen.  Colonel,  obligations  of  the  authors  to.  (Sec  Preface.) 

 ,  his  observations  with  regard  to  the  dera- 
tion of  the  lower  Silurian  clay,  3L 

 ,  bis  account  of  inflammable  bituminous 

schist  alternating  with  fossiliferous  Silurian  limestones  on 
the  river  Jcmmbach,  3L 


Helmersen,  Colonel,  his  geological  map,  Preface,  845,  H55. 
 ,  his  view  of  the  igneous  origin  of  the  mag- 
netic iron  ore  of  Xijny  TagUsk  and  Blagodal,  371,  222. 

.  his  account  of  the  1st  Urt,  Aral,  &c,  itj, 

HI 

 ,  his  illustrations  of  metamorphic  action  in 

the  Ural,  lUi 

 ,  his  discovery  of  palicozoic  fossils  east  of 

Troitsk,  4JL 

 and  M.  Hofmann,  tlielr  work  on  the  South 

Ural  referred  to,  ILL    (See  Preface.) 
Henslow,  Prof.,  his  memoir  on  the  Isle  of  Angles**.  .t»H. 
Herbivorous  cetacean,  remains  of,  found  at  Tanuvn,  3U2. 
Herodotus,  his  account  of  the  Borvsthene*  (Dnieper)  compared 

with  the  present  condition  of  that  river,  573 
 ,  his  account  of  the  state  of  the  Black  Sea  in  hi* 

time.  574. 

Herscbel,  Sir  John,  his  suggestion  with  regard  to  the  cause  of 

ice  in  certain  caves,  IHi. 
Ilesse  Cassel,  division  of  the  Hunter  Sandstein  into  two  hands 

in,  am. 

lleulaudite  and  atilbite,  these  minerals  present  in  the  basaltic 

rock  of  Tchaitzln-mis  ( Timan  range),  ILL 
Hiatus  that  exists  in  Russia  between  the  palicozoic  and  tlse 

Jurassic  deposits,  ->i. 
Hills,  of  carboniferous  limestone  of  a  singular  subconical  shape, 

on  the  left  bank  of  the  Bielaya  near  Stcrlitamak.  130. 
Himalaya  Chain,  fossils  of,  compared  with  those  of  the  Jurassic 

rocks  of  Russia,  iilL 
Hindoo  Kush,  this  range  formed  the  borders  of  a  vast  ancient 

Caspian,  2SUL 

Hindostuii,  imperfect  state  of  our  knowledge  of  the  pajjeozoie 

rocks  in,  6*. 
HUinger.  M.,  accuracy  of  his  descriptions,  14T*. 
 ,  his  correct  descritttiun  of  the  Oland  and  Gothland 

beds,  UL 

 ,  his  description  of  a  Gothland  coral  now  called 

Tryplaama,  GLLL 
Hitchcock,  Prof.,  his  report  on  the  geology  of  Masaachussets,  S. 
Horhland,  porphyritic  island  of,  its  production,  2H. 
Hofmann,  Prof.,  his  description  of  the  Isle  of  Hochland  referred 

to,  24*. 

 ,  his  identification  of  the  beds  near  Kief  with 

older  tertiary  drpmits,  £6i, 
 and  M.  Helmersen,  their  work  on  the  South 

Ural  referred  to,  LLi. 

,  his  view  of  the  dissemination  of  gold  in  rocks, 

4  S3 

llollalierg  (Sweden),  alum-slate  seen  at,  15. 

lloluptychius,  remains  of,  at  Kipet,  5H. 

liomherg.  Mount  (Gothland),  fossils  found  at,  IS*. 

llommairc  dc  Hell,  M.,  his  account  of  the  salt  in  the  southern 
steppes  of  th  i-  Black  and  Caspian  Seas,  11*7. 

 ,  his  Investigations  concerning  tbe  ter- 
tiary oolites  of  Kichenef  in  Bessarabia, 

  ,  his  theory  of  the  saltness  of  the  Caspian 

considered,  IHW, 

—  ,  his  observations  on  the  level  of  the  Cas- 
pian, 33tL 

Hopkins,  Mr.  W.,  his  views  concerning  hues  of  disturbance  ap- 
plied on  the  great  scale  to  the  northern  frontier  of  Russia, 

a 

 ,  his  calculations  concerning  the  force  of  waves  of 

translation  as  a  transporting  power,  &33» 
Horizontal  pusitioii  of  the  palnrouiic  rocks  nf  Russia,  2i. 
 Silurian  beds  on  the  banks  of  the  Is,  an  exception  in 

Hie  Ural  mountains,  3m. 
Horizoulalit)  of  must  of  the  rocks  in  European  Russia,  £&L 
Hornblende  intcrlaminatcd  with  limestone  near  Zlataust.  423. 
Honiblendic  rocks,  presence  of.  in  the  axis  of  the  Ural  on  the 

Serebriauka.  a&L 
Humblcton  Hill,  near  Sunderland,  a  Productns  common  in  the 

magnesian  limestone  there,  found  also  in  Russia,  LflsL 


INDEX. 


fgfl 


Humboldt,  Baron  Alexander  too,  (we  Preface,)  hit  estimate  of 
the  height  of  Mount  Bogdo,  lai. 

— —  ,  his  determination  of  the  prin- 

cipal forma  of  the  Ural  Mountain*,  338. 

 ,  hit  remarks  on  the  difficulty 

of  determining  the  western  commencement  of  the  Ural, 

aw, 

— —  ,  his  conclusions  with  regard  to 

gneiss  and  stratified  granite,  i.l-V 

,  Ilia  opinion  of  lite  age  of  tli« 

auriferous  alluvia  of  the  Ural,  478. 
  ,  bis  opinion  that  diamonds 

would  he  found  in  the  Ural  confirmed,  I"  1 
 ,  liis  views  of  the  rise  of  the  Ural 

and  Altai  Mountains,  41*7. 

,  his  views  on  the  ancient 

course  of  the  Oxus,  577,.  ft52. 
Ilunneherg  (Sweden),  alum-slate  seen  at,  la- 
Hum.  M.,  hit  division  of  the  tertiary  rocks  in  the  Crima-a.  JUi- 
Hypothesis  of  the  cause  of  the  inversion  of  strata  in  tbe  Ural, 

1G3.    (See  alto  Appendix,  64tL) 
  to  explain  tbe  arrangement  of  the  Scandinavian 

Mocks,  US. 
Hjtshinol  (Sweden),  Silurian  fossils  from,  13*. 

Icb-cavks,  cause  of  the  cold  In,  187. 182. 
Ice,  effect  of,  at  a  means  of  transport  in  modern  tim<i,  5f>t_,  iiL 
■■  —  .,  in  forming  ridges  of  gravel  ou  lite  banks  of  lakes 
in  Russia,  5l>i». 

Icebergs,  agency  of,  in  depositing  drift  and  transporting  erratic 
blocks,  3 US.  5iM. 

 considered  with  reference  to  their  power  in  transport- 
ing drift,  MB 

 of  the  Pacific  referred  to,  iHL 

 ,  their  effect  In  grating  and  scratching  the  rocks  over 

which  they  are  forced,  333. 

 ,  great  probability  uf  their  ancient  existence  in  Scandi- 
navia and  Lapland.  .137. 

—         effect  of,  floating  from  Scandinavia.  .'5 1. 

Ice-doe,  Illustration  of  the  melting  of  an  ancient,  517. 

Ichthynlitcs  of  Russian  Devonian  strata,  new  and  remarkable 
genera  of,  33. 

 ,  note  concerning  M. 

Agassiit's  researches  and  M.  Eicbwald's  memoir  on  this  sub- 
ject, asc 

  of  the  lower  beds  of 

(he  Volkof  differ  from  those  in  the  upper  strata  of  the 
Valdai  Hills  on  the  Priutchka  (Prikaha).  14. 

 ——————  ou  the  eastern  banks  of 

Lake  Onega  near  the  mouth  of  tbe  Andotna,  A3. 

■  in  Livonia,  5J_ 
— — — — —  on  the  Vol  (Timan), 
414 

  associated  with  Devo- 
nian Molluscs,  atl*.  43.  80.  ttX 

,  tbeir  value  in  distin- 
guishing those  beds  from  the  underlying  ones,  !LL 

,  comparative  scarcity  in  Russian  carboniferous 
urate,  133. 

Ichthyosaurus,  fragments  of,  found  in  the  Jurassic  strata  of 
Simbirsk,  25JL 

Identity  of  the  Devonian  fossil  fishes  of  Russia  with  those  of 

the  old  red  of  Scotland,  idL 
Igneous  eruptions  around  the  Doneti  coal-field,  92. 
  disturbances,  effect  of  on  tbe  former  bottoms  of  the 

Cas]Han,  ,'t-4. 

 rocks  of  the  Ural  mountains,  337  to  1Z1L 

— —  and  palavoxoic  rocks  of  tbe  Issetx,  303. 

 rocks,  peculiar  appearance  of  in  the  Katchkanar,  39?. 

 origin  of  the  granitiform  rocks  of  tbe  Ilmen  Hills,  436. 

— —  rocks  of  the  Guberliuaki  Hills,  outline  of  112. 

 end  met  amorphic  rocks  of  the  axis  of  the  South  Ural 

described,  451. 


Ijema  or  Ishma.  Jurassic  shales  surmounting  carboniferous 

rocks  at.  415. 1L7. 
Ik,  concretionary  masses  of  gypsum  (Permian)  with  caverns  in 

tbe  valley  watered  bv  this  river,  I.'ifi 
Ilek  (Orenburg },  foesiliieroua  siliceous  grit  of  the  Jurassic 

period  on  else.  247. 
Iletsk  (Arctic  Ural),  cncrinital  limestone  on  the,  4'M. 

 ,  thick  beds  of  carlioniferous  limestone  on  the,  MM. 

Ilink  (Tcbuasovaya),  carboniferous  limestone  fossils  at,  .'twi 
/fau  prronlit  of  the  Silurian  system  identical  with  /.  ciwj- 

nnru'fa,  L2- 

Illetzkaya.Zastchlta  (Orenburg),  mats  of  rock  salt  and  gypsum 

of  tbe  Permian  age  at,  LtjL  UjjL  DH- 

 ,  freezing  cavern  ut.  1 8*i. 

 ,  foasiliferous  siliceous  lieds  of  tbe  Jurassic 

period  near,  247. 
Ilmen,  Lake,  the  beds  near,  chiefly  Devonian,  1L 
 ,  cliffs  of,  near  Korostino,  contain  Devonian  fossils, 

14. 

.  great  thlckneaa  of  tlic  inferior  strata  developed  to 
the  south  of,  45. 
Ilmen  Hills  (Miask),  extension  of  crystalline  rocks  to,  133. 

,  granitiform  ridges  of,  132. 
Indersk,  Lake,  Jurassic  rocks  of,  122. 

— — ,  Mount,  an  isolated  hill  of  red  sand,  marl,  and  blue- 
stone  in  the  southern  steppes,  UfiL 

 .  ice -caves  said  to  exist  there,  l'.x>. 

India,  analogy  between  tbe  cotton  soil  of,  and  tbe  Russian 
tcbornoiem,  5H3. 

tndiga  river,  traverses  the  carboniferous  limestone  of  the  Ti- 
man range,  113. 

Inferior  uobte,  absence  of.  between  Prussia  and  Asia,  jS4 

Infusoria,  remains  of,  in  the  Jurassic  grits  of  Moscow,  141 

Inkino,  on  the  Oka,  section  of  Jurassic  rocks  near,  233. 

 ,  trunvand  beds  of,  belong  to  lite  Moscow  Jurassic  series. 

Hi. 

Inoceramus  grits  (.friesiXa  v.  Bueh,  hndit-':  characteristic  of  the 
Jurassic  period  in  many  parts  of  Russia,  137.  214. 

Intrusive  rocks  near  Christiania,  l.'i* 

— — —  in  Sweden,  13  ti  fro. 

 along  the  North  of  Russia,  M*. 

 of  llochland  in  the  Gulf  of  Finland.  111. 

—  —  throughout  Use  Ural  mountains,  337.  to  IZtt. 

-  of  the  North  Ural,  all  on  the  same  hue  of  erup- 
tion, 3HU  ti  arf . 

Inversion  of  strata  on  the  west  flank  of  the  North  Ural,  -IKti 

  on  the  east  flank  of  the  South  Ural.  I-'I. 

— — —  at  several  places  west  of  Zlataiist,  43",  133. 

4HL 

 ,  general  view  of,  in  the  Ural,  Alps,  Ate,  IfaL 

 in  North  Wales.  1Z1L 

Ireland,  examples  of  striated  rocks  and  drift  in,  513. 

Iremcl  or  Eremcl  (highest  peak  of  South  Ural),  the  geology  of, 

according  to  Col.  Ilelmeraen  and  others,  121,  45&. 
Irendyk  (lidge  of  tbe  South  Ural),  M.  Rose's  account  of  one  of 

its  broken  prolongations,  417. 

 ridge,  account  of  a  section  across,  150. 

 ,  peaks  of  this  mountain  ridge,  view  of,  453.  644. 

Iron,  concretions  of  argillaceous  ore  of,  at  the  mines  of  Lissit- 

cbia.Ualka,  122. 

 ,  tbe  best  ores  of,  obtained  from  the  Ural,  LUL 

 worked  on  the  cliffs  of  the  Un)a  from  the  Jurassic  rock,.--!*. 

 sands,  containing  Oxfordian  fossils,  on  the  bank,  of  the 

Oka,  212, 

— ,  flourishing  works  of,  near  the  eruptive  rocks  of  Niini 

Serginsk  (L'r»l).35lL 

 ,  magnetic  ores  of.  found  at  Nijnv-Tarilsk  (North  Ural),3ZU. 

 ,  ores  of,  found  at  Itakalski  (South  Ural).  123. 

 ,  chromate  of.  found  in  the  South  Ural,  IStL 

Is,  river  (North  I'ral),  Silurian  fossils  (fentammu  near  to  P. 

kaighlii)  found  on  the  hanks  of,  331. 
Isabelnol.  fort  of,  on  the  Ilek,  osseous  remains,  probably  Saurian, 

found  in  a  siliceous  J  urassic  grit  at,  212. 
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tshrua  or  Ijema  (Timan),  Jurassic  shales  tarmountiag  carboni- 
ferous rocks  no  the,  415.  417. 
I  >  horn  (St.  Petersburg),  Ungulite  grit  .Silurian)  at,  27*. 

 ,  Ane  white  (Silurian)  unci  of,  17*. 

 ,  Devonian  beds  on  the,  32*. 

Isolated  patches,  the  character  of  the  secondary  nicks  of  Russia, 

«« 

lueti  river  ran  of  Ekaterinburg  !,  section  and  sketch  of.  3B2. 

.  fuaiii  mammalian  (M>ne»  found  iu  the  tributaries 

of.uu. 

Istok  *!$iberial,  Silurian  rneks  on  the  hanks  of  the,  ,'lri  1 
Isvnrin  (Done  It),  sequence  of  carboniferous  rocks  at,  LU3. 
Istosk  <ui  Hi'  Volkof,  supcrimitiou  of  l/ower  Silurian  limestone 

to  hittimiisnu*  schist,  £11. 
Itacoltimite,  |>reseiice  of,  at  Verehnv  Darantchinsk  (North  Ural), 

Ml. 

 ,  schist  resembling  this  rock,  probable  matrix  of  the 

diamonds  in  the  Ural,  IfiX 
llshalki,  foasilifcrout  Permian  limestones  at,  lftS.  LfitL 
lvanit/.ki,  Capt.,  his  memoirs  on  and  geological  map  of  the 

country  of  the  Dorset?.,  Si.  W.  11^  DM,  ILL 
Ivanofka  I  lionet*),  carboniferous  limestone  «f,  98. 
Ivanofsk  (Orel),  sandy  beds  containing  Ashes  found  there,  57. 
Ilium  nn  the  Danelz,  Jurassic  rocks  discovered  by  Major 

Ulode  near,  Hit 

 ,  iin|K>rtaiit  Jurassic  and  cretaceous  section  at,  2i2. 

 ,  section  showing  cretaceous  series  at,  2fi7. 

J  auuim  (Yabriiu)  near  Bielef,  Devonian  rocks  and  fnsails of.  JUL 
JasikolT,  M.  ( Yasikoff),  his  collection  of  the  cretaceous  fossils  of 

and  sections  near  Simbirsk,  -7 

,  his  list  of  eocene  tertiary  fossils  near  Simbirsk ,  *H7. 
 ,  his  account  of  the  ancient  northern  extension  of 

the  Caspian,  324. 
Jasper,  sdusts  converted  into.  145.  lii, 
Jaspers  on  the  east  (lank  of  the  South  I'ral,  -tHH. 
— —  at  I'rcuhrajenski-gora,  Orsk.iili, 
Jeive  (Yeivei.  thickness  of  the  'pleta'  limestone  at.  .13*. 
Jelatnia  or  Yelatmo,  white  (carboniferous)  Limestone  of  Kasiinof 

calends  to.  hi. 

 ,  sections  of  Jurassic  rocks  cm  the  Oka  near,  -Xt. 

,  ininsand  of  L'uja  near  this  (dace  belong  to  the  age  of 

the  siliceous  I  Jurassic;  grits  near  Moscow,  1XL. 
  beils  at  this  place  the  lowest  of  the  Jurassic  series  in 

Russia,  -'.'»■■■ 
—  erratic  Mocks  extend  to,  j  1  '.i , 
Jelcnieua.  near  Ltehvin,  bands  of  coal  at,  U_ 
Jele/noe  ICtlfimua  Fr.'f.  coal  mines  of,  Itlj. 
Jendovistie  i  Yendovislie),  on  the  Veduga,  strata  couiaining  De- 
vonian fossils  at,  U-L 
Jevitre,  smith  of  Warsaw,  Jurassic  sandstones  of.  ±LL 
Jezem  ( Vczem),  Timaii.  Silurian  mcks  at,  Oiii 
Jointed  structure  of  lower  Silurian  rocks  of  Kstlmnia,  .'I.e. 

  of  thcKTaiiitifomimaascsof  the  I  In  iullv  t'P. 

Jnrnasoi  Kamen,  fossdiferous  sdiceons  grit  in  the  ridge  of, 
Junction  nf  Aroic  and  Silurian.  Ifi  tt  fry 

 of  Silurian  ami  Devwiian,  13,  ail*  rt  see. 

 of  Lie  ton  isn  aisd  carboniferous,  tfl.  IS,  IgH.  .Utr,  ifin 

of  carboniferous  and  Permian,  lift.  150.  159. 172.  17sL  ' 

 — —  and  Jurassic,  fit  iiL 

 of  Jurassic  and  cretaceous,  at'l,  '2~<$.  2112. 

—  of  cretaceous  ami  tertiary,  275.  221L  &c. 

 of  miocrne  with  freshwater,  '*H1.  aiLL 

 with  Aralo-t'aspian,  22fi  to  32fl. 

 of  Permian  with  Pleistocene,  XiH- 

— .—  of  mica  acbist  with  granite  at  Syroslan,  OA 

Jurassic  shale  reposing  conformably  on  the  red  marls  at  Krasnoc 

Pnjriii.  near  Pies,  on  the  Volga,  171*. 
Jutavstr  or  oolitic  series  of  Russia,  its  extent,  &. 
Jurassic  rocks,  Russian,  covering  red  marls  on  the  banks  of  the 

Volga,  L7JL 

 ,  succeed  the  carboniferous  limestone  at 

Mi»cow  and  Jelatnia  (Yelatiua),  tLtL  234. 


w 

Jurassic  rocks,  Russian,  general  account  of,  222  rt  irq. 

  i  uniformity  of  character  in  different  parts 

of  Russia,  Kail. 

,  description  of,  by  Count  von  Kcyterling, 
in  the  Pctchora  country,  iKI4>. 

 ,  account  of  the  basin  of  the  middle  Volga, 

231. 

 ,  account  of  the  basin  of  the  Oka.  £23, 

 ,  in  the  neighbourhood  of  Moscow, 

!«5. 

 ,  section  at  Sparrow  Hill,  Moscow,  £JZ» 

—  ,  fossils  of,  from  Koroshovo  (Moscow), 

results  of  their  examination,  23& 

 ,  ferruginous  sand  and  grit  of,  238. 

 —  ,  great  basin  of,  on  the  Lower  Volga.  21*L 

,  limits  and  litholngical  character  of,  in 

the  Isasin  of  the  Lower  Volga.  ill, 
 ,  Iuoceramua  (/frsrasa,  hodie)  limestone 

of.  at  Simbirsk,  21&.    (Sec  Table  in  Plate  V.\) 

,  section  of,  at  (ioroditebe  on  the  Volga, 

,  black  shale  of.  near  Sysran,  SM. 

  ,  eastern  tract  of,  212. 

,  fossils  of.  from  Orenburg,  identified  by 
M.  von  liucb,  212. 

,  south  of  Orenburg,  21&. 

 .  upper  group  of,  in  Southern  Itiusis. 

L'IS. 

,  upper  limestones  of,  at  Svtatagora  on 

the  Done  It,  2iiL 

 ,  of  Kamenka  on  the  Do  net?,  2ML 

 ,  of  Ilium  on  the  Donct?.,  y.il 

 .  European  equivalents  of,  2U. 

 ,  general  conclusions  concerning,  2i3  rt 

 ,  their  fossils  compared  with  specimens 

from  India,  237. 
11  ■  ,  on  the  eastern  flank  of  the  arctic  Ural. 

■inn. 

 ,  between  the  arctic  Ural  and  the  Timan 

range,  417. 

.  llie  tekonuurm  or  black  earth  in  part 
derived  from  the  destruction  of  the  black  shale  of  this  se- 
ries, air 

 .  general  account  of  the  condition  of  this 

group  in  Russia,  ■">*■■' 
Juriaveu  (Yuriavrtz),  superposition  of  Jurassic  beds  on  the 

oliler  rocks  at,  232. 

,  erratic  blocks  of  quartz  rock  found  at,  530. 

Kaoinskoi,  east  of  Ekaterinburg,  Devonian  limestone  at,  ,'l(>.'(. 
Kahorl  (Prussia),  large  boulders  found  at,  £13. 
Kakra  (North  l'ral),  paucozuic  deposits  on  the,  3LML 

 ,  metainorphic  rocks  observed  in  Use  descent  of  the  river, 

400 

 ,  tipper  Silurian  and  Devonian  fossils  from,  1LUL 

Kalapl-iiolisl.  south  of  St.  Petersburg,  Devonian  limestones  in 

ancient  quarries  near,  12. 
Kaletrkaya.  on  the  Dwina,  cliffs  of  (Permian)  gypsum  at,  123. 
KaUtva  I  Dim),  sections  showing  cretaceous  rocks  on  tbr  banks 

of  the,  2111 

Kalmiuss  and  Voltehia,  stratified  crystalline  rocks  of  the,  JLL 

 ,  result  of  examining  sections  on  the  bank  of,  22, 

 ,  ascending  series  of  carboniferous  rocks  at,  fli. 

— — ,  hut  little  raal  exists  in  the  carboniferous  strata  to  the 

south-east  of,  LI  I. 
Kalmucks,  steppe  of  the,  composed  of  sands,  .11 !(, 
Kolino,  east  of  Pcnu,  Iseds  of  cnal  near,  L£fl. 
Kallcbcdansk,  east  of  Ekateriuburg,  tertiary  millstone  of,  Sfift 

.  account  of  section  from  Ekaterinburg  to,  Sfi;'. 
Kulii,  inlscoxoir  limestone  of  ilnuhtful  age  on  the  western  sloiie 

of  the  South  Ural.  l&fl. 
Kaluga  and  Tula,  lower  (carboniferous)  limestone  of,  7JL 


Google 


INDEX. 


Kama,  section  of  Permian  strata  near  toe  mouth  of  the,  I5S. 
Kamarinof  i  Ardatof;,  Jurassic  beds  seen  at  the  village  of,  21A. 
Kamenctz,  on  the  Dniester,  Silurian  formation  of,  .In*. 
KameniW  (Petrozavodsk),  block  ridges  on  the  hill  of,  282. 
Kamenka  on  the  Donetz.  Jurassic  rocks  of,  '-'-"'<>- 
Kaweuko.  lourcea  of  the  fossilifcrous  Jurassic  siliceous  grit*  of 
the,  242. 

Karacnsk  (Siberia),  a  new  genua  of  coral*  from,  IliL 

 —   .  r-avrjd  of,  382. 

Kaiumskaya  (Itonelz).  white  chalk  at,  268. 
Kaiuiachine  (Volga),  tertiary  fossils  found  at,  222. 

 ,  section  of  tertiary  ami  cretaceoui  rack*  at,  228. 

Kamiusch  Huron  (Criniata),  rlitfa  of,  referred  to  the  Aralo-t'as. 
pian  series,  iiliL 

 ,  bed*  of,  belong  to  the  steppe  limestone,  3UIL 

Ranevak  ( I' rail,  granitic  flagstone*  near,  LLL 

Rauin-tuM,  argillaceuua  and  niicaceoui  schist*  of  the  peninaola 

of.ua. 

Kara-Edir-tau  and  Djabyk  Karagai,  t  low  granitic  chain  east  of 

and  parallel  to  the  I  ml,  ill. 
Karagaisk  (t'ral)  granite  and  syenite,  I  l.'t. 
Karakuha.  the  southern  limit  of  the  carboniferous  region  of 

Ibe  Donetz,  fcX 

 .  dykes  of  crystalline  rock  at  many  place*  to  the  toutb 

of.&L 

 ,  the  red  bed*  of,  form  the  bate  of  the  carboniferous 

aerie*,  U. 

Karan  and  Laaspe  (north  of  Mariopol),  red  porphyry  near,  92. 

Kargala  < Orenburg  i.  association  of  fossil  vegetable  remains  (Per- 
mian) with  copper  ore  at  the  mines  of,  IXL 

,  saurotd  remains  from,  belonging  to  Thecodont  sau- 
rian*, 122, 

 ,  siliceous  beds  at,  containing  Jurassic  foatils,  21Z. 

Kargalinsk,  copper  mine*  of,  148. 

 river,  one  of  the  limit*  of  the  carboniferous  region 

of  the  lionets,  82. 
Kargapol.  the  carboniferous  limestone  eiposcd  in  flat  tracts 

near,  73. 

Karlinski  (Orenburg),  aauroid  remains  discoTered  at,  LLL 

Karpinski,  Capt.,  bis  account  of  the  rocks  on  the  TchussoTaya, 
3221;  his  geological  m*p  around  Bogoslofsk,  .TfHi. 

Kashlrov.  on  the  Oka,  remarkable  section  of  the  white  lime- 
stone of  the  carboniferous  series  at,  82. 

 ,  fossils  of  the  carboniferous  white  limestone  at,  82, 

Kashpoor,  on  the  Volga,  Jurassic  bituminous  schists  of,  212. 

 ,  black  Jurassic  shale  of,  j  Ifi. 

 ,  range  of  ibe  chalk  to,  '-'7-1. 

Kasimof,  ancient  Tartar  town,  outcrop  of  limestone  at,  84. 

,  extension  of  the  central  member  of  the  carboniferous 
limestone  beyond,  83. 

Kaslinsk  I  Ural).  zaTod  of,  424. 

Katcbkanar,  a  remarkable  peak  of  the  North  Ural,  and  sketch 
of,  SOL 

 ,  magnetic  iron  ore  and  platinum  alluvia  of  the,  383. 

Katchu-kova  (South  Ural),  fossiliferous  Silurian  limestones  of, 

m. 

Kaup,  XI..  his  work  on  fossil  mammalia,  282. 
Kazan,  Permian  rocks  exhibited  at,  LfitL 

 ,  account  of  the  geology  of  the  district  between  this  place 

and  Perm,  I  ISO. 

— ,  di  s  -riptiuu  of  the  rocks  (Permian)  around  the  city  of, 
161. 

 ,  white  Permian  limestone  on  the  Volga  near  the  dry 

of,  (£2, 

 ,  interesting  section  of  Permian  rock*  near,  UU. 

Kazatchi-  or  Cossatebl-dstchl,  account  of,  £18  ft  sec. 
Keilbaii,  M  .,  his  investigations  in  Scandinavian  geology,  It)*,  US. 

—  .  his  observation*  on  I'hotadn,  542. 

Kelloway*  rock,  foasila  of  thi*  bed  found  in  Use  cliffs  on  the 

bank*  of  t  he  Oka,  23a. 

,  how  represented  in  the  Russian  scries,  222. 
Kerist  river  (St.  Petersburg),  tower  member*  of  Devonian  sy. 

stem  visible  in  it*  water-course,  12. 


Ken*,  on  the  Volga,  white  chalk  teen  at,  224. 

Kertch  limestones  referred  to  the  Araln-Caspian  series,  SQL 

Keyserling,  Count  von  (see  Preface,  pouim),  his  discovery  of 

fossils  in  the  Devonian  beds  near  St.  Petersburg,  38*. 
 ,  his  expedition  to  the  Petchora  countrv. 

811.3*0. 

 .  hi*  account  of  the  Jurassic  deposit*  in 

arctic  Russia,  234. 

,  his  views  concerning  the  raised  sea  bottoms 

of  the  Petchora,  332. 

 ,  his  description  of  the  arctic  Ural,  40(i. 

 Timan  range.  412. 

 ,  hit  investigation  of  the  Kirghis  Steppe  and 

Mount  ilogdu,  422. 
KhanikoflT,  M.,  his  opinion  concerning  the  true  level  of  the  sea 

of  Aral,  328. 

 ,  his  statement  with  regard  to  the  deflection  of 

the  stream  of  the  Tanghi-Daria,  577. 
Kbanikon*.  M.  J.,  his  important  geographical  assistance  to  the 

authors.  fifU. 

Kharkof,  importance  of  that  city  in  influencing  the  future 
working  of  the  coal-seams  of  Petrofskaya,  Ac.  Ufa, 

 ,  exhibition  of  peculiar  cretaceous  rocks  at,  282. 

Khivah,  the  ancient  Caspian  extended  over  the  district  around 
it.JBZ, 

 j  the  steppe  limestone  extends  to  this  district,  31KL 

 -,  the  district  watered  artificially  by  the  river  Ox  in,  alt. 

Khvalinsk,  on  the  Volga,  Jurassic  shale  at,  244- 

 ,  Jurassic  shales  capped  by  cretaceous  rocks  at,  146. 

Kiaiwl*  river  between  Onega  and  Archangel,  presence  of  old 

red  sandstone  at,  48. 
Kichcnef  in  Ucsaarahia,  minccne  tcrtiarie*  at,  296. 
Kidash  (Bielcbei).  Permian  strata  on  the  banks  of  the,  122. 

,  scries  of  Permian  rocks  near,  124. 
Kidysh,  east  of  the  Ural,  palaeozoic  limestones  of,  443. 
Kief,  extension  of  eocene  tertiary  beds  to,  283. 

 ,  supposed  tertiary  beds  at,  28a. 

Kielce  In  Poland,  Devonian  limestone*  at,  22. 
 ,  Jurassic  sandstone*  between  it  and  Warsaw. 

ML 

,  tertiary  deposits  near,  283. 
,  paheuzoic  rock*  not  covered  with  northern 
boulders  at,  Sjjfi. 
Kiesel-thon  of  Kharkof.  288. 
Riga  (west  of  the  Ural),  grita  on  the,  43L, 
Ki-Ostrof,  in  the  Bay  of  Onega,  crystalline  rocks,  22. 
 ,  resemblance  of  this  island  to  the  "skiirs"  of  Sweden, 

UaV 

Kinel  (Samara),  copper  ore*  anciently  extracted  from  the.  IftH 
Kineshma,  on  the  Volga,  succession  of  Jurassic  rock*  between 

this  plac*  and  Plea,  233. 
King,  Mr.,  on  the  fossils  of  the  magnrsian  limestone,  2<M.  '±LL 
Kinish,  or  Kurouish  (Tchusaovaya),  Devonian  rocks  at,  3X7. 
Kinnckolle  (Sweden),  relations  of  the  crystalline  rock*  and  Silu. 

rian  strata  at,  12, 
Kinofsk  (Tchusaovaya),  contact  of  Devonian  with  carboniferous 

rock*  at,  128. 

Kinovski  tavod  (Tchusaovaya),  Devonian  limestone*  at,  382. 
Kipet,  near  BieJef,  calcareous  flagstone*  (Devonian)  charged 

with  fishes  at,  18. 
Kirchlsolm  (Livonia).  Devonian  strata  at  the  castle  of,  80, 2L 
Kirghia  frontier,  geology  of,  by  Col.  Helmerten,  444. 

 ,  steppe  of,  south  of  Orenburg  (Permian  strata),  IK.1. 

 ,  east  of  the  Ural,  each  ridge  in  it  a  miniature  of 

those  mountains,  LLL 
Kirghishansk,  east  of  Kongur,  grits  and  conglomerates  east  of, 

322. 

Klrilof,  carboniferous  limestone  extends  near  to,  24. 

 ,  section  across  the  calcareous  zone  of  Permian  rocks  at, 

122. 

Kisbrymsk  (South  Ural),  tavod  of,  424. 
Kislavodtk  (Cancans),  mineral  spring*  and  characteristic  Sou- 
comisn  fossils  found  at,  200. 
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Kixilsk  (South  I'm!),  carboniferous  limestone  between  Syr- 
tinsktya  and  this  place,  1X1. 

Klcine  Punfarn  (Esthonia),  beds  oirrrUma;  the  "plcU"  (Silu- 
rian) liuiciiane  at,  3i*. 

Klenofik,  (rood  new  of  the  Ural  mountain!  from,  Xi5, 

Klevlina.  between  Bugulmaaud  Samara,  Permian  I. insula,  \57. 

Klin  (Moscow),  fossils  of  Juraasic  siliceous  grit  of,  situ 

Klinofiksya  Gora.  W.  of  t'ral,  upper  carboniferoui  bed!  at,  ili. 

Kloden,  M.,  hia  work  on  the  fossils  of  (be  March  of  Branden- 
burg referred  to,  .rtH. 

Klulcbcfski  near  Bielebei.  aaaoeiation  of  fossil  rentable  re- 
main*  with  copper  ore  at,  141. 

—  ,  discovery  of  sauroid  remain!  in  the  Permian  con- 
glomerate at  the  mine  of,  Liu. 

Kaiaspavlova,  near  Itshalki,  fnaailiferoui  (Permian) bed!  of  gyp- 
sum and  limestone  of,  1U2. 

Kokenhusen  (Livonia),  vertical  Devonian  bed!  containing  ich- 
thyolitea,  in  the  neighbourhood  of  the  cattle  of,  JLL 

Kokaharof,  Ueut.,  hla  travel!  with  the  auihura  ,1'rr/act  and 
pamm',  hia  list  of  mineral!  of  the  Ural  mountain!,  G4<>. 
See  Pecitn  A'o*e*«ro/  (vol  jU,  6H2. 

Kolomna,  white  and  magneaiin  (carboniferous)  limestone  at,  82. 

— — ,  poaition  of  the  white  carboniferous  timestonc  of  thia 
place  in  the  general  sequence.  &L 

— — ,  fosaU  localities  between  Jelatma  and  thii  place.  21L 

Kolomniskaya,  near  Moscow,  Jurassic  fossil!  found  it,  231. 

Kolp  river,  the  carboniferous  bmestone  exposed  on  the  banks 
of,  7JL 

Kongur,  tnUlstone  grit  ( carboniferous)  to  the  eaat  of,  \2tl. 
— — ,  sequence  of  Permian  rocks  al,  tsVL 

,  gypiifcrous  nature  of  the  Permian  rocks  at,  313- 
Koppen  and  liaer,  MM.,  their  obsenratiom  on  the  supply  of 

water  to  the  Volga,  ST1*. 
Korinitza  (Poland),  shells  found  in  the  tertiary  deposits  at  this 

place,  292. 

Korisbevo  (Archangel),  ledges  of  carboniferous  limestone  at,  ZJL 
Korosbovo  (Moscow),  ilialy  beds  of  the  Jurassic  period  exhi- 
bited at.  236, 231. 
Koroskay*  (Moscow),  Jurassic  fossils  found  at,  2JL 
Korostlnoon  the  Lake  Union,  Devonian  bcdi  at,  44 
Kosrof  to  Velicovo,  low  ridge  exhibiting  the  sequence  of  the 

carboniferous  strata,  Si. 
Kossattir  (South  Ural),  mica  srhist  with  garnets  at,  433- 
Kostroma,  red  marls  (Permian)  seen  in  descending  the  Volga  i 

from  this  place  lo  Nijni  Novgorod.  I?B. 
— — — ,  ammonite  beds  at,  230- 
Kovno.  Pentamcrus  band  in  the  government  of.  31*. 
Kraka  hills  (South  l'ral),  Silurian  limestones  of,  437, 
Krasnohorsk  (Vologda),  aeetiuni  of  red  marl  (Permian)  exhi- 
bited in  the  ravines  near.  LZli. 
Krasno  I  firosk,  carboniferous  limestone  at,  353, 
Kiasnoe  I'ojeni,  on  the  Volga,  variegated  maris  covered  by  Ju- 
rassic shales  near,  lid. 
Kraaaol-gora.  on  the  Issetz,  porphyries  of,  3M. 
Krainoi-Kut  (Donetz).  beds  of  coal  at,  101- 
Kremcnctz,  highest  ground  of  Western  Rui!ia  near  to,  iL. 

 ,  tertiary  bedi  between  thii  place  ami  Grodno,  2S5 

Krinka  and  Miuas,  sections  of  carboniferous  region  watered  by 
these  rivers,  19. 

 ,  extent  of  the  chalk  near  these  riven,  2Cfi- 

Krisolova.  near  Perm,  scries  of  gypseous  rocks  at,  LU. 
Krisoi-Torcti  I  IHmeu :,  section  of  carboniferous  system  at,  liil_ 
KrusenMern,  Ueut.,  his  survey  of  the  Timan  range  and  Pet- 

ehora  country.  Preface,  SMI.,  3tU.  fifiL 
Kumuish,  or  Kinish  (Tchusftovaya),  beds  at,  387. 
Kundriutcheskaya  (Donetz),  teams  of  coal  at,  IJHi 
Kundrofka  (Orenburg),  section  of  tbe  carboniferous  series  near, 
UL 

Kundurstsha  (opposite  Simbirsk),  northern  limit  of  tbe  ancient 

Caspian  extends  to  the,  22JL 
Kupfer-schiefcr,  its  inferior  importance  as  compared  with  the 

Russian  equivalents  of  the  same  bed,  1,'i.i. 
Kursk,  calcareous  strau  seen  on  approaching,  2fi&. 


Kursk,  cretaceous  section  at,  2fL 

Kurtze  and  Germar,  MM.,  their  list  of  the  fossils  of  the  kupfer- 

•chiefer  of  Mansfeld,  214. 
Kushvinsk  (North  L'ral),  eruptive  rocks  and  magnetic  irou  near, 

Mat 

,  sedimentary  strata  of,  3 BO. 

—  ,  sketch  of  the  geological  structure  of  the  environs 

of.att. 

Kuaomeaskaya,  on  tbe  Pinega,  gypsnm  (Permian)  at,  L£L 
Kussinsk,  near  Zlatausl,  Umestune  of.  probably  upper  Silurian, 
428. 

 ,  xavod  of,  LUL 

Kuteinikof  (I)onetz),  coal  found  at,  99. 

Kutorga,  M.,  his  work  on  Russian  I'aUrontoIogy,  8. 

Kutorga,  Prof.,  his  refermce  of  the  Permian  plants  to  the  car- 
boniferous period,  KH. 

Kuvaihi  (South  L'ral),  liioeatone  of,  aobaidiary  to  the  mctamor- 
pbic  ridges  of  Zlatausl.  4 

— — ,  ractaroorphic  rocks  in  the  neighbourhood  of.  122. 

Kwarynik,  on  the  Volga,  true  chalk  at.  221. 

Laaari  and  Karon,  north  of  Mariopol,  red  porphyry  near,  82. 
La  tiaumr,  near  Geneva,  freezing  grotto  of,  tbe  circumstances 

explained  by  M.  Pictet,  182. 
Lacustrine  formation  nf  the  auriferous  and  mammlfcroui  detri- 

tui  nf  tbe  Ural,  193. 
Ladoga  Lake,  absence  of  drifts  and  erratic  block!  near,  US- 
Lais  (North  Ural),  Pentamcrus  limestone  at,  3Z1L 
Lamtaated  structure  of  granite  at  Stepnaya  (eaat  of  the  Ural), 

Ml 

Land,  ancient,  its  position  in  Siberia  during  the  deposit  of  tbe 

erratic  blocks  and  other  drift,  222. 
Lapland,  coincidence  of  tbe  Timan  range  with  the  crystalline 

rock«  of,  413, 

 ,  Russian,  conformability  of  the  Timan  range  with,  413- 

 and  Scandinavia,  great  probability  of  the  former  ex- 
istence of  icebergs  there,  ■'>•'<'- 

 ,  modern  glacio-fluviatile  action  in,  567. 

Lappish  frontier,  difficulty  of  examining  the  rocks  on  the,  231. 

Larionnfskaya,  on  tbe  Dwina,  red  marls  (Permian)  at,  176. 

Lava  (St.  Petersburg),  Ungalites  mixed  with  other  Silurian 
fossils  is  the  ianditone  on  this  river,  22L 

Leba  (North  Ural),  Pentamcrus  limestone,  probably  Devonian, 
al,  220. 

Lebedian.  on  the  Don,  Devonian  rocks  at,  ILL 

Leber-lbim,  a  red  argillaceous  shale  of  the  Permian  scries,  LIS. 

Ledges  or  ridges  of  blocks  on  the  banks  of  lakes  in  Russia  pro- 
duced by  the  action  of  ice,  iiiL 

Lela  Ktoschinsk  (North  Ural),  toetamorphiim  of  a  foauliferuui 
limestone  at,  '<17'>. 

Lena,  complete  carcasses  uf  large  mammals  found  on  the  banks 
of,  a9fL 

 and  Yenisei,  drift  and  mammoths'  bones  conveyed  by  these 

rivers,  19H, 

Lepatinsk.  on  the  Don,  range  of  the  steppe  limestone  to,  300. 
Le  Play,  M.,  his  map  of  ami  work  on  the  Donetz  carboniferou! 

region,  Ltll ;  his  account  of  the  igneous  origin  of  the  mag. 

netie  iron  of  Nijnv  Tagilsk,  22£;  »nd  other  places  in  the 

Ural  mountains,  .176, 3HU. 
 ,  liia  opinion  of  the  origin  of  auriferous  and  plati- 

njferoat  alluvia,  4tU. 
Lepltma  tarrimtlata  supposed  to  be  identical  with  Leptama  lata. 

m. 

  lata  (CkaaHn  aareimutala).  Its  wide  range,  and  ill 

presence  in  the  carboniferous  rocks  of  Russia.  21(1. 

Leuchtenberg,  1L  L  IL  the  Duke  of,  fossils  described  by,  29. 

Level  of  the  Caspian,  calculations  to  determine  the,  32L 

 ,  diagram  showing  its  relation  to  tbe  level 

of  the  lakes  of  Arof  and  Aral  and  the  Mediterranean,  311, 

Level,  changes  of,  probably  accompanied  tbe  distribution  of 
icebergs  with  boulders,  u±L 

Lhwyd,  his  figure  anil  detcnptiun  of  tbe  genu*  /.f/A.-,.«,'rii/i,wi.fil9. 

Liu,  absence  of,  in  Russia,  the  Crimen  sud  Caucasus,  £H»,  iia. 
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lias,  absence  of,  between  Prussia  and  the  frontier*  of  Asia, 
ISi, 

Lieut  in,  Devonian  fossils  showing  to  approach  to  arlxmifi'miu 
types  found  near,  iSL 

.  limestones  of,  the  uppermost  of  the  Devonian  series.  52, 
■  ■  the  central  carboniferous  basin  of  Kuuu  extend*  to 
this  pUrr,  77. 

Lignite,  beds  of,  in  the  Jurassic  scries  of  the  valley  of  the  Volga, 
:M,i. 

MmcMODtt  (Silurian)  in  Norway  nnd  Sweden.  13*.  15^  IX, 

 of  Gothland  (Upper).  IBS. 

—  of  St.  Petersburg  (lower),  called '  pleta,'  or 

Orthocermtitc  limestone,  la*. 

 of  tbe  Met  uf  Oriel  and  Dtgo  (Baltic),  Jti. 

 ea»1  of  Ekaterinburg  (Ural), 

 at  Sijny  Tagiltk  (  North  Ural),  3JU,  3UL 

 at  Screhriaotk  (ditto),  312. 

— — ^— — — —  on  the  river  It  (ditto), 

 at  BotrnloMi,  «kc.  (ditto),  SOU. 

■  ■  beyond  Petntpavloik  (ditto),  t'tf. 

^— ^— — —  on  the  Yegn-laga  (Arrtie  Oral),  108. 

 in  the  Tiuian  range,  Hi  4 1  it. 

 we»t  of  Zlataiist  (South  Ural),  122. 

 wrat  of  Uieloreti  (South  Ural),  456. 

 (Devonian)  aouth  of  Czankoc-crlo,  Tcbudova,  Ra- 

lapi.Polist,  on  the  river  Volkuf,  at  Koroatino  on  Lake  II- 

men.on  the  llelaiaand  Pnksha ( VaiiUi i.  ft  c.  31 1 . 11  to  t.V 

 on  tlw  Dun  i  (Livonia >,  4L 

 .  central  dome  of  (chiefly  magueaian),  at 

Orel,  VoronrjY,  Mtzen.sk,  liielef.  Ac,  A3  to  62. 
 on  the  east  flank  of  the  North  Ural,  2&L 

36W.  ag>,  ■•«»?. 

 on  the  aat  flank  of  the  North  Ural,  22H 

rl  se«..  3^1 

 on  the  west  flank  of  the  South  Ural,  1S_£ 

rl  »ry. 

 —  (Devonian  and  carboniferous)  occurring  between 

Rinovsk  and  Oalanskai-Pristan  on  the  Tchuasosaya,  3tttL 

 :  arlwiuferous)  of  the  Valdai  Hilla,  2L  Z2t 

— — —   of  Vitcgrs,  Cargo  po  I,  Archangel,  Pi- 

nega,  Ac,  13  to  72. 

 ,  great  central  or  Moscow  basin  of,  tl 

total, 

,  lower  beds  of,  at  Tula  and  Kaloga.ZiL 
—  ■  of  the  aoutbern  region  of  Don  Cos- 
sacks (Donetz),  SI  to  LLL 

 associated  with  much  coal  at  Lisait- 

chia-Balka  (Doneu).  Liu. 
— — ^ — —  found  on  both  flanks  of  the  Ural 
mountains,         Km.  Wli,  357.  303,  37«,  3M.  *M.  43n, 

■i.w,  tti,  ii:t,  tai. 

,  fotailifrTona  beds  of,  elevated  into  a 
singular  outlier  near  Sterlitamak,  1.1 1 

 of  the  arctic  I'ral,  iSSL 

  and  millstone  grit  occupying  part  of 

the  Timaa  range,  41 1 

.  rich  fntsDifexoua  beds  of,  at  Cossat- 
chJ-Dalchi  (South  Ural),  43H. 

  beds  of,  occurring  near  Uitazimtk, 

and  between  Syrtlnskaya  and  Kizilak  (South  Ural),  115- 

 occurring  on  the  flanks  of  the  Akri- 

taa  (South  Ural).  IfilL 

 i  Permian : ,  lower  beds  of  this  series,  112. 

,  section  of,  in  the  governments  of  Oreo- 
burg.  Kazan,  Nijru,  I'erm,  Nnrognrod,  Vologda,  and  Arch- 
angel. ltJL  IjA  152,  145,  LjJL.  Lift  Ifli^  llW,  ITS,  178, 
Igj, 

 ,  beds  of  this  group,  containing  I'rwtuetw, 

overlaid  by  tufaeeoua  strata,  153. 

,  beds  of,  overlying  gypseous  concretionary 

masses  in  tbe  valley  of  the  Ik,  UjL 
 — — —  ,  concretionary  mass  of,  at  Chrialof  on  the 

Volga,  Ml 


Limestones  (Permian),  tufacrnn*  beds  of,  between  Svia.sk  and 
Tcbebokaar  on  the  Volga,  LiLL 

 of  Bogifo  and  tbe  steppe  of  Astrakhan.  L8S, 

 ,  black  beds  containing  fishes,  in  Silesia, 

 ,  beds  of,  on  the  Ukhta  and  Vitcbegda 

(Timan),  all. 

— —  (pauL'ozuic.  of  doubtful  age),  masses  of,  east  of 
Troitsk  (Kirgbis  Steppes),  Hi 

 ,  beds  of,  at  Riilrsh, 

east  flank  of  South  Ural,  113. 
— (metamorphosed  palrcoinic),  associated  with  the 
magnetic  iroo  ore  of  Blagndat,  3Z1L 

,  fossiliferous  beds  of, 
between  two  eruptive  ridges  on  the  Miass,  116. 

.  sandy  beds  of, 

near  the  Tcbornaya  (Zlataiist),  the  lamina:  being  trans- 

fused  with  hornblrmlc,  133. 
 ,   gold  diffused 

through,  in  the  1ml*  south  of  Miask,  ItUs. 
 (Jurassic),  in  nodules  only  in  Northern  and  Central 

Russia,  230,  ZJJL 

 ,  upper  beds  of,  on  the  Donrtz,  2AL 

■'  ,  beds  occurring  on  the  Uouetz  and  at 

Cracow  compared  with  those  of  the  coral  rag  and  calc  grit 

of  England,  153. 
— — —  (tertiary  miocene),  2fU  H  are. 

■        (tertiary),  steppe  limestiHic  at  Odessa  and  on  the 

shores  of  the  Black  Sea  and  sea  of  Azof  referred  to  the 

Aralo-Caspian  period.  iHlL 
 ,  ractamorphiam  of,  i"l 

Intuitu,  the  first  appearance  (in  ascending  order)  of  this  genus 

in  the  Permian  rocks.  111. 
Liasenko,  Major,  the  assistance  given  by  him  to  tbe  authors. 

417.  43.1.  saM :  and  description  of  lithograph  facing  page 

1.17,  liii. 

Llssitchia-Balka,  imperial  coal-worla  at,  1 09. 

 ,  thickness  of  the  workable  teams  of  coal  at, 

112. 

,  succession  of  strata  between  this  place  and 

Bachmutb.  LLL_ 
—  ,  importance  of  boring  to  determine  the  value 

of  live  carboniferous  rocks  east  and  weal  of,  LUL 

 ,  chalk  near  the  coal-mine*  of.  i&L 

List,  tabular,  of  the  fossil*  of  tbe  Permian  system  in  Europe, 

OL 

—  of  tertiary  fossils  from  Butachak  on  the  Dnieper,  -'•"i. 

 of  fussil  sliells  (tertiary )  found  at  Korinilza  in  Poland,  222. 

 of  Caspian  shells,  fossil  and  recent,  3iitl 

 of  tertiary  shell*  found  upon  the  Dwiuaaodat  Utt.Vaga,2£L 

Listvauitc,  ]"•  uliar  mineral  substance  from  near  Miask,  ■*■'{."> 
j  i     ,  i.  a  Miask/.  metamorjihif  rucks  with  gold  at,  118 

ttthofUattnm,  generic  cliaracters  of,  a22;  poiuta  in  which  it 
differs  from  nearly^llied  genera,  5JBL, 

-  amnUtwm,  Lonsdale,  description  of,  £98. 

 tmeameralum,  Lonsdale,  description  of,  5JBL 

 etw/a/ant,  Lonsdale,  description  of,  jX2L 

 /liscicsiss/aiN,  Phillips,  description  of  Kussjan  spe- 
cimens liOO. 

Litlmirraphir  sketches  in  this  volume  descrilwd,  &53.  S5t. 
Litbologirat  character  of  tbe  old  rock*  in  Russia,  45, 284,  tt 
stsarim. 

—  structure  of  tbe  central  tone  of  Devonian  rocks  in 

European  Russia,  51. 

 character  of  the  Jurassic  rocks  of  Russia,  HI. 

  of  the  cretaceous  rocks  of  Russia,  2&  #/ 

Mf> 

l.ithmtrotm,  characters  of  the  genua,  ftri, 

 etrsarcia/snsi.  desenptkm  of  Russian  specimen,  603. 

 ,  roin|iarisi>n  of,  with  f-  llirr'fwrnr,  ril  I  j . 

 mmmmiUarf  (Attrma  mammiUaru  af  Kiscber),  lit- 

scription  of.  (VltL 
— ~- —  aitrmdn,  Loaadale,  description  of.  WU. 
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UtAailrolim  ttvriformf,  Fleming,  description  of  Russian  sped- 
men,  tiSBL 

 compared  with  the  proposed  sub-genus  Csnmia, 

ii2lL 

Livonia,  triangulation  and  sunt;  of,  by  Strove,  £L  657- 
 ,  1 1." vi  .11  mi i  rock*  of.  JUL 

Ijnbn  (North  Ural),  paleozoic  limestone  near  the.  3iML 
Local  drift,  how  mixed  with  northern  in  Russia,  85*.  oil,  5211 
ff  see. 

Local  origin  exclusively  of  the  1'rmlian  drift,  476.  £22. 
Longitude,  great  change  of  blocks  in  changing  the  meridian  of, 

Lonsdale,  Mr.  V.,  hii  suggestion  with  regard  to  the  corah  of  the 

DcTonian  rocks,  LL 
 ,  hit  account  of  the  paleozoic  corals  of  Russia, 

iHltt  Mf, 

 ■  ;  hia  determination  of  the  corala  of  the  Permian 

system,  2lJtL 

Lou,  ita  relation  lo  the  tchornntem  or  hlack  earth  of  Russia,  1£1. 

Luren,  Prof.,  his  services  rendered  to  the  authors,  Li;  hla  ob. 
serrations  on  deep  aea  shells.  &S2  t  his  dctenuination  of 
the  carboniferous  limestone  it  Spitsbergen,  ii± 

Low  steppe  of  the  Caucasus,  ALU. 

Lower  greensand  ( Ncocomian},dcvclopment  of,  in  different  parts 

of  Europe,  iBSL 

 ,  ita  presence  in  Russia.  Criraara,  4c,  279.280. 

Lower  new  red  sandstone,  resenibUnce  of  the  Permian  sands 

and  marla  to,  176, 2i£L 

■  of  England,  ita  rocka  form  part 

of  the  Permian  system,  £22. 2ttL 
Lower  Volga,  cretaceous  and  tertiary  rocks  of,  273. 975.  2ZZ. 
Luhlinn,  white  carboniferous  limestone  of  Moscow  at,  &L 
Ludlow  rucks,  psammite  of  Akri-tau  resembles,  4t>0. 
Lugan,  foundries  of,  supplied  with  coal  from  the  mines  of  Us- 

pensk  and  Liatitchia.  Balks,  10*.  1"!'. 

 ,  no  upper  Jurassic  rocks  at,  '-'  li' 

 ,  borings  through  the  white  chalk  at,  '-V-li. 

I.ngnoa  (Sweden),  section  at,  eshilriting  the  lowest  Silurian 

strata  overlying  and  derived  from  the  Azoic  rocka,  UL 
l.ukovka  (North  Ural),  greenstone  prulnided  at,  382. 
Lutsk,  older  tertlariea  on  lite  Styr  near.  28S. 
Lydian  stone  in  the  carboniferous  district  of  the  arctie  Ural,  4  10. 

 at  Kuvashi  (South  Ural),  4J2. 

Lyell,  Mr.,  his  work  on  North  America  nlludrd  to.  i. 
 ,  his  observations  on  Uddcvalla  and  other  parts  of 

Swedrn.  328,  jifL 
 ,  his  views  of  the  habitation  and  entombment  of  (be 

Siberian  mammoths,  i'.'G. 
 ,  hia  view  of  the  agency  of  icebergs  in  producing  drift, 

509.  aaiL 

Machncpka  (Poland),  miocene  deposits  at,  2StL 

Macintosh,  Mr.,  his  memoir  on  the  supposed  evidence  of  glaciers 

in  North  Wales,  iifL 
Maelnren.  air  Charles,  his  observations  on  grooving*  of  rocka, 

.no 

Magdalrnski  mine,  near  Bogoslofsk,  tiie  old  produce  of,  ill. 
Vlagnesian  bmcstone  (Devonian)  at  Orel,  A-.-..ii  tt  fry. 

—   (carboniferous)  on  the  Stolohua  rivulet, 

(Valdai),  ZJL 

  at  the  base  of  the  car- 
boniferous group  near  Vitegra,  7JL 

 at  the  quarries  of  Miatcfa- 

kava  (Moscow),  SI ;  at  Kolomna,  83. 

 character  of  carboniferous  limestone  at  Kizilsk,  lii. 

 limestone,  the  name  wholly  unfitted  to  characterize 

the  Permian  system,  LIU. 

.  ( Permian),  zone  of,  belonging  to  this 

aystem  on  the  west  flank  of  the  Ural  mountains,  \i7 

—  ■  ,  between  Bugulma  and  Sa- 
mara and  at  Sergiefsk,  LiZ. 

—  ,  section  at  the  Taiachoffaki 

zavod  (Kazan),  LOLL 


Msgnesian  limestone  (Permian),  at  Teplova  weal  of  Arzamas, 
IBS 

  ■  ,  true  position  as  a  member  of 

the  great  palaeozoic  series  asserted,  ££L 

Magnesite  of  the  Oulseriinski  hills,  Hi 

Magnetic  iron,  crystals  of,  west  of  the  Ural  and  at  Ekaterin- 
burg, 360, 301. 

 is  masses  at  Nijny  Tagilsk,  330. 

 with  porphyry  at  Magnitnaya,  W>. 

 ore,  M.  le  Pl»y 's  remarks  on  the  origin  of,  38». 

 of  Nijny  Tagilsk,  ita  igneous  origin  shown, 

311. 

 largely  extracted  from  the  hill  of  Blagodat 

(North  Ural).  3UL 

 of  Blagodat  shown  by  Helmersen  to  be  erup- 
tive, 229. 

 of  the  Katrhkanar.  31&L 

Magneta,  natural,  very  powerful  ones  found  in  the  Katchkanar 
peak  v  North  Ural),  382. 

Magnitnaya  (South  Ural),  magnetic  iron  associated  with  por- 
phyry, at  this  place,  H.'i 

Makarief,  on  tbe  Unya,  red  maris  (Permian)  appearing  at,  17H 

 ,  shales  (Jurassic)  occurring  at, 

Makarofka,  Mount  (South  Ural),  mineral  composition  of,  4M. 

Malachite,  a  cupriferous  stalagmite,  .1*4. 

 found  rarely  in  the  copper  grits  of  the  Permian  series, 

list. 

 ,  occurs  In  a  great  mass  at  Nijny  Tagilsk,  313. 

Malavoraslovetz,  Jticiia  antiyua  found  in  the  carlsuniferous 
nicks  at,  ilia 

Malnudlsh,  east  of  Kazan,  flaggy  limestones  subordinate  to  the 

red  rock*  of  the  Permian  series,  UiLL 
Malmish,  cast  of  Kazan,  red  marl  anil  pebbly  rock  (Permian)  at, 

no, 

Malmoe  Oen  and  Malmoc  Kalv  (Cbristiania),  Silurian  fosaila  in, 
12*. 

Malton  oolite,  ita  identity  with  the  Jurassic  white  limestone  of 

Craeow  and  the  Uoiietz,  220. 
Mammoth,  habitation  and  destruction  of  the,  in  Siberia,  aiw 

,  the  former  existence  of  litis  animal  in  northern  Eu- 
rope in  a  cold  climate,  -t9.» 

 ,  food  of  this  animal  (sec  Owen),  122. 

 ,  bones  of,  associated  with  gold  in  the  Berezof  rivulet 

near  Ekaterinburg.  Ii>. 

,  in  the  gold  detritus  ixf  Pethanka  (North 

Ural),  m. 

 ,  associated  with  auriferous  alluvia  at  Soi- 

manvfsk  (Soutli  Ural),  and  south  of  Miask,  JjM,  liiL 

 ,  supcrttitioua  feelings  of  the  Baabkira  and 

Samoyedes  regarding,  ilLL 

,  probably  drifted  to  some  of  the  northern- 
most points  of  Siberia,  497, 

.  .  ,  drift  containing,  at  Taganrog,  Mi 

Mamniskaya  (Isselz),  flagstones  and  achaalatcins  of.  ObsL 

Man.  changes  effected  by  him  in  tbe  course  of  the  river  Ox  us, 
577 :  in  diminishing  other  streams,  SZ2. 

Mantcll,  Dr.,  names  a  Jurassic  ichtbyolite  of  Russia  Gyrodua 
Murthirfmi,  340:  libs  opinion  on  Juraaasc  plants,  -41 

Mantrica  (Kalmiuss),  fossils  of  the  carboniferous  limestone  at, 
liiL 

Maps,  geological.  See  Strangwayt,  Helmersen,  Emian,  Ivanittki, 

Le  Play,  Olivieri,  Karpraski,  Liasenko,  flic. 

 of  the  tea  of  Aral,  corrections  in  the  outline  of,  22Z. 

 of  Russia  and  tbe  Ural  mountains  (Plate  VI.  and  VII.). 

For  authorities  consulted  by  the  authors,  ace  Pre/ice,  3-18, 

and  description  of  plates, 
 of  the  Ural  mountains,  reference  to,  and  to  the  coloured 

sections  of,  34J3  el  arc. 
Marble,  crystalline,  of  Kushvinak,  3&L 
 ,  encrinita),  at  Syrostan  (South  Urai),  with  eruptive 

rocks.  1M. 

 ,  granular,  with  the  granite  of  the  steppes  of  the  Ui, 

UJ- 
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Marrhinak,  on  the  Kalmiuis,  section  from  Kartkuba  Ihrough 

the  carboniferous  series  to  this  place,  IHi. 
Maria  canal,  near  Vitegre,  foaailiferous  beds  of  carlioniferous 

broestoBe  near,  LI 
Marina,  wnh  of  Czarskoc-cclo,  marlstone  cliffs  of  Devonian  ate 

at,  331. 

Marine  origin  of  tbe  Russian  coal-measures  of  the  Donetx.  Il» 

 belli  of  newer  mioeene  period  coTcrcd  by  like  brackish 

and  freshwater  ttcppe  limeitoae.  Ml 

 rem  aim  found  in  tbe  drift  of  Northern  Siberia,  ifttt 

 ,  reason  of  tbeir  abacace  in  Scandinavian  drift, 

saa. 

.  absence  of,  in  the  auriferous  detritui  of  tbe 

Ural.  4S3. 

 univalves,  aliaenee  of,  in  the  steppe  limestones  on  the 

shores  of  the  Caspian,  Black  and  Azof  teas,  30S. 

.Marls,  shales  and  sands  prevalent  throughout  the  lower  pebrc- 
aoic  series  in  Russia,  25  to  SL 
-  (Permian),  abundance  of,  13Z  to  I H j  et  try. 

 ,  (cretaceous),  «>K,  873.  Hi  tt  see. 

Marlsloae  i  Devonian)  at  Marina  and  INiritz  on  the  Ishnra.  32*. 

 (Permian),  great  thicknesses  of  in  the  Permian  series 

between  Verkni  and  Nijni  Troilak.  I.'.'l 

 ,  overlying  tufaeeous  limestones  between 

Sviask  and  Trheboksar  on  tbe  Volga,  UnL 

 (Juraiaic),  beds  of,  between  lies  and  Kineshma,  222. 

,  concretions  of,  with  sand,  at  lnkioo  on 
tbe  Oka  and  Koroshovo,  near  Moscow,  'S.iii. 

 (cretaceous),  beds  of,  near  Kamisclune  on  tbe  Volga,  i 

m. 

Marly  deposits  (Permian),  their  position  with  reference  to  Use 

iccbstein,  1X2. 
Marshall,  Mr.  James,  his  Cumberland  investigations,  t*. 
Matiushenskaya,  on  tbe  Don,  cretaceous  sections  at,  *7<> 
Mayenre,  probable  eocene  date  of  the  tertiaries  in  the  basin  of, 

Mecklenburgh,  shells  found  here  of  the  same  age  as  the  foaails 
of  the  calcaire  grossier,  283. 

 ,  Scandinavian  blocks  on  the  slopes  of  hills  in,  522. 

Mediterranean  type  of  arcoBdary  mcks,  meaning  of  this  ex- 
pression as  employed  by  Von  Ruch,  849. 

 ,  eastern,  an  extensive  ancient  sea  of  brackish 

water,  of  which  tbc  Caspian  and  Aral  are  only  remnants, 
ttt 

 ,  the  relative  level  of  tbc  Caspian  and  other  seas 

compared  with  its  level,  522. 
Menselinak,  Orenburg,  fossil  fishes  (Permian)  found  at,  91H. 
Meridian  direction  of  the  Uralian  rocks,  338.  467. 
Mertvi-aol  (Orenburg),  dislocations  of  Permian  strata  at,  1*3. 
Metaftamak  (Biclcbei),  section  of  Permian  rocks  at,  HI. 
 ,  calcareous  grits  (Permian),  with  Product!  occur-  ] 

ring  at,  l&L 

Metalliferous  productions  of  tbe  t'ral  mountains,  dates  of  their 

introduction,  172  to  till. 
 ores  chiefly  on  the  east  flank  of  the  Ural,  352,222 

el  ere. 

— — —  (auriferous)  rich  none  near  Miask,  t.'U 
Metaroorphic  rocks  of  Norway  of  the  Silurian  period,  LL 

— —  (palaeozoic)  of  Russia.  222. 

'  of  the  Lappish  frontier,  23!. 

 of  Nijny  Serginsk,  352. 

 of  the  neighbourhood  of  Ekaterinburg.  ■Hi"'. 

— — — —  (limestones  paheoiolc)  associated  w  ith  the 

magnetic  iron  of  Nijny  Tagilsk  and  Blagodat.  375. 329. 

 of  kuahviosk  (North  Ural),  3HL 

•  on  the  banks  of  the  Scrchrianka,  382. 
  f  limestones),  fossiliferous,  on  the  river 

Kakva  (North  Ural),  1LLL 
 (micaceous)  on  the  eastern  flank  of  the 

South  Ural,  424. 
 (limestones),  fossiliferous  beds  of,  on  the 

Miass,  12fL 

—————  of  the  UrcBga  and  Taganai  mountains,  422L 


Mctamorphic  rocks  between  tbe  zavod  of  Kussinsk  and  Zla- 
toust, 432. 

 ,  of  those  which  form  the  crest  of  Ibe  Ural- 

tau,  433  H  pamm. 
 ,  condition  of  those  on  the  east  flank  of  the 

Ural,  132, 

 (crystalline),  of  the  axis  of  the  South  Ural. 

434 

 ,  schists  of  the  Irendyk,  454. 

 (Silurian)  of  the  Knika  bills,  457. 

 (limestones),  gold  diffused  through  them  in 

tbe  beds  south  of  Miask.  iM. 
 (palaeozoic)  of  the  Ural,  general  concluding 

account  of,  5tifL 
Mrtninorphism  of  rocks,  evidence  of,  .157.  4U».  42JL 
— — — —  of  fossiliferous  limestone  of  tbe  Ural,  ,'LnS.  359, 

37i  390,  399,  lifi  r/  see. 
 of  tbc  Ural,  resume  of, 

Mryendorf,  Baron  A.  von,  his  geological  labours  with  the  au- 
thors (see  Preface). 

— — ^ —  hit  statistical  map  of  Russia.  177. 

,  his  observations  on  black  earth, 5112. 

Meyendorf,  Baron  LL  von.,  fussil  fisbes  procured  by,  4IL 

Mi  /cue.  the  extreme  point  on  (he  north-east  to  which  the  car- 
boniferous limestone  extends,  7JL 

Mgra,  river,  Devonian  flagstones  of,  with  ichthyulitea,  I*. 

  i  pisolrtic  carboniferous  limestones  to  east  of.  75. 

Miascite.  a  mineral  mass  resembling  granite,  432. 

Miask,  aa  important  auriferous  district,  34JL 

 ,  rocks  and  minerals  found  near  the  savod  of,  435.  LUL 

 ,  gold  alluvia  near,  4H7. 

 ,  gold  mines  to  the  south  of,  lh!L 

Miaichkova  on  the  Motkva,  carboniferous  limestones  at.  Ml. 

 ,  Jurassic  shales  at,  235. 

  ,  Juraasic  fossils  found  at,  234- 

Mica  schist  of  the  southern  steppes,  ILL 

 ,  passage  of  into  quartz  rock.  433, 

 ,  junction  between  granite  and,  at  Syrostaa,  434. 

Micaceous  schist  and  quart/  rack  forming  tbe  crest  of  the  Ural, 
tail,  433. 

 in  the  Timan  range,  413. 

Michael,  H.  L  LL  the  Grand  Duke,  procures  a  Am  Jurockn 

for  England.  5113. 
Michaclofsk  zavod,  west  of  the  Ural,  junction  of  Devonian  and 

carboniferous  rocks  at,  L2U. 
Micheimia  concinma,  l^instlale,  description  of,  JILL 

 imuurpta,  its  relations  with  Af .  eemetaaw,  fi]  L 

MiddendoriT,  Professor,  his  explorations  in  northern  and  eastern 

Siberia,  fl^  ftiO,  Ml. 
Middle  carboniferous  rocks  of  Russia,  section  through,  92. 

 tertiary  rocks  in  Russia  (mioeene),  22ML 

Mikulkin-mis  and  Kanin-oos,  northern  extremities  of  the  Timan 

range,  423. 

Millstone  grit  and  carboniferous  limestone  of  tbe  Tchusuivava, 
186. 

 occurring  to  the  cast  of  Ust-koiva,  SSL 

—————  and  carboniferous  limestone  of  tbe  Timan.  414. 
Millstones  from  the  lower  Siluriaa  grit  of  l.ugnm.  Ac.  lilt. 
 ,  Moscow,  hard  siliceous  grit  of  the  Jurassic  rocks  of 

Moscow,  232. 

 ,  tertiary,  of  Kaltcbcdansk  (Siberia),  362. 

Mineral  changes  in  Norway  and  the  Ural  mountains.    See  .!/<•- 

Itmoiykic. 

  structure,  its  identity  of  little  importance  in  identi- 
fying deposits  of  different  countries.  203 
— —  waters  of  Sergteftk,  analysis  of,  157. 

 uf  Nijny  Serginsk,  3aii. 

Minerab  of  Nazinukaya-gora  (Zlauusti,  42W. 

  of  the  Miask  hills  enumerated,  43tL 

 associated  with  gold  ores,  4*7. 

 ,  simple,  in  the  I  ral,  a  list  of,  with  their  localities.  £40. 

Misers,  Russian,  their  condition  aa  a  claaa,  33H. 

,  their  perseverance  and  hospitality,  3J4L 
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South  Russia,  291. 


Mines,  Imperial  Administration  ind  Corps  of,  great  obligations  of 
the  authors  to  manj  of  iU  officers.  Preface  H  pcuam.  (See 
Caacriue  ami  Tchelfkine). 

 ,  copper  and  magnetic  iron,  al  Nijny  Tagilsk.  37.1, 

 ,  magnetic  iron  ore  at  Blagodat,  379. 

.  rapper  and  garnets  near  ltogoslofsk,  399. 

 ,  iron,  at  llakalski  •  South  I'ral),  XJX 

 ,  gold,  at  Herrrofsk  near  Ekaterinburg,  I'fl. 

 ,  at  Chrcstovousvisgrrisk,  aKlL 

 >,  at  Peshanka  near  ltogoslofsk,  182. 

 .  south  of  Miask,  488. 

Mining  establishments  in  the  I'ral,  general  account  of,  Xil. 

 tnii-.-,  use  of  English  words  in  the  southern  coal  dU- 

trict  of  Runia.  1U7. 
Miocene  tertiary  deposit*  in  Russia,  ahnndant  rxampie*  of  them 

in  Podolia,  Volhynia.  Bessarabia,  Ac,  282ei 
_  ,  general  account  of,  283e/  aef . 

 in  Southern  Russia.  293. 

•  of  oolitic  itructure  in  certain  parti  of 

-,  section  of,  at  Taganrog.  2WL 

 ,  the  oceanic  deposits  of  t'st-l'rt  belong 

to  this  group,  323. 
Miuis  and  Krinka  rivers,  sections  of  carboniferous  rucks  at,  99. 

.  .  band  of  chalk  near.  UlU. 

Milva  iTiman  range),  rarbouiferoua  rocks  on  tbe,  ILL 
Modiola  limotone  .  Permian  I  of  Itshalki,  Mi. 
Modiola  abundant  in  the  Permian  bed>  of  Russia  and  England, 
2U9.2I7. 

Moldavia  ami  WallacliU,  humus  of,  aJLL 

Mollusca.  absence  of  fossil  remains  of.  in  the  sandy  and  argilla- 
ceous Devonian  beds  near  Lake  Onega,  IK. 

.  of  I  )cvonian  rocks  of  Russia,  man}'  of  them  identical 

with  published  l>et~ouiatt  species,  LstL 

Montimlaria  tttnbrrfti  (llydnofihtira  Stmiergii  of  Fischer), 
description  of,  i.'i  ■'  I , 

Moraines,  heaps  of  detritus  on  the  flanks  of  the  Alps  believed 
by  Agassix  to  lie,  iJfiL 

,  the  resemblance  of  the  Swedish  marine-formed 
nsar "  to  such  heaps,  '14.1. 

— ,  dislsthrf  of  the  authors  in  their  presence  in  countries 
where  glaciers  have  never  eiisled,  234.  ft  ie$. 
Morguiuiof.  Permian  rocks  covered  up  between  Kongnr  and 

this  | -lace,  IjX 
Mar-luhl,  llclinersen's  name  for  coal  of  Valdai  hill;.  2LL 
Morris.  Mr..  description  uf  Permian  plants,  219;  on  Polish  mio- 

cene  fossils,  292 
Moscow,  limits  uf  the  great  carboniferous  basin  of  to.  22. 

,  while  littiestotic  of,  the  central  division  of  tbe  carbo- 
niferous limestone  of  Russia,  2iL 

  ,  described.  80. 

.  exposed  on  tbe  banks  rif  the  Oka.SL 
-,  section  of,  on  the  I  nj«.  a  tributary 


of  the  Oka,  84. 

 ,  Jurassic  rocks  in  the  neighbourhood  of,  !KM1.  23i. 

 Win,  Jurassic  fossils  of,  23iL 


,  section  of  Jurassic  rocks  at  tbe  Sparrow  Hills  near.  222. 
,  misderatr  dimensions  of  northern  erratic  blocks  in  the 
parallel  of, 

Moskwa  or  Moskva  river,  relations  of  the  while  carboniferous 
limestone  on  the  banks  of,  80. 

,  Jurassic  strata  on  tbe  banks  of,  233. 

 ,  ferruginous  sands  and  grit  (Jurassic) 

at  various  places  on  the  banks  of  the,  240. 

Mosquitoes,  their  attacks  a  great  impediment  to  geological  re- 
searches in  northern  Russia.  173.  391. 

Motsha  river,  south  of  the  Kama,  northern  limit  of  the  ancient 
Caspian  extends  lo  the,  325- 

Moultie,  on  the  Tchussovaya,  carboniferous  fossils  collected  at, 

US. 

Mountains,  absence  of,  in  Russia  in  Europe.  20*. 

 ,  the  existence  of,  necessary  for  tbe  applicability  of 

the  glacial  theory,  33U. 


Mala,  river,  sections  on  its  banks  of  Devonian  and  carboniferous 

rocks,  45.  70.71. 
Mtrensk,  on  the  Zuc-lia,  grotesque,  calcareous  Devonian  strata, 

Mucbty  South  l  isl),  serpentine  of,  JAi. 

Mudstonrs,  resemblance  of  the  Silurian  blue  day  of  St.  Peters- 
burg to  the,  265. 

Mud  volranoes,  changes  produced  by,  57S. 

Mnltik  (Trhiusosayal,  cliffs  of  carboniferous  limestone  of,  388. 

Miinstrr,  Count,  his  account  of  the  fossils  of  St.  Cassian,  35**- ; 
of  some  fossils  of  the  kupfrr  scliirfer,  218. 

Murrbiy.ni,  Mr.,  the  origin  and  progress  of  his  researches  in 
Russia  (Preface J. 

 .  his  work,  "  the  Silurian  System,"  applied  to 

different  parts  of  the  world  and  referred  to,  1  ef  cairn*. 

,  his  memoirs  on  the  Devonian  rocks,  3.  C  tii 

 ,  liis  commtuiicatsMi  on  the  palarozosc  roeJm  of 

Norway,  II*. 

 ,  his  views  on  the  elevation  of  the  Highland 

crystalline  rocks  "  en  muse  "  applied  to  Sweden,  12*. 

 ,  his  first  suggestion  of  tbe  term  Permian 

(Preface),  law,  Ian  n» 

 ,  his  new  Ore  logical  Map  of  England,  3Q2. 

.  his  re-examination  of  the  Permian  deposits  of 
Germany ,  121!  rl  see. 

 ,  his  work  on  the  geology  of  Cheltenham,  228. 

-  ichthyolites  from  Russia  named  after  him  by 


Dr.  Mantell  and  Professor  Owen,  iUL  liUiL. 

,  Jurassic  plant  named  after  him  by  Dr.  Cop- 


perl,  240. 


bis  description  of  Massie  conglomerates  in 


Scotland,  218. 
 -.  his  comparison  of 


Russian  with  Himalayan 

ammonites,  SAIL 

 ,  his  early  suggestion  that  the  Neotomlan  would 

prove  to  be  the  equivalent  of  tbe  lower  greensand.  2»10. 

 ,  his  view  of  thrllasin  of  Mayence,  282. 

-  ,  bis  memmr  (with  Prof.  Sedgwick)  on  the  ter- 
tiary oolites  of  Styria  and  Hungary,  291. 

 .  on  the  byperathene  rocks  of  Radnor,  392. 

 ,  his  observations  (with  Prof.  Sedgwick)  on 

tuetaiuoqiliisro  in  the  Alps  referred  lo.  i ''i 

,  vase  of  avanturine  presented  lo  him  by  the 


Emperor  of  Russia,  434. 

his  memoir  on  the  geography  of  the  South 

his  discourse  on  tbe  production  of  Siberian 


UnLaUL 


told,  4  S3,  SUV 
 ,  his 


application  through  the  Grand  Duke 
Michael  for  a  skeleton  of  the  Bot  .iuroekt  granted,  510. 

,  his  method  of  colouring  geological  maps  (see 


Description  of  Plates,  633  'I  •*•;.)■ 

his  distinction  between  local  and  foreign  drift. 


,  his  views  on  Use  transport  of  blocks  by  ice- 


JUL 


bergs.  503,  i£L 
— ^— on  waves  of  translation,  233, 

 on  the  striatkm  of  rock  surfaces.  531. 

,  his  proofs  of  upheavals  of  modern  strata,  438. 
MurcUtomia,  genus  in  the  palsnKoic  systems  of  Russia,  MS. 

3^1"*,  132. 
Murom,  Pusuiina  limestone  to  the  north  of,  8Z. 
 sands  around  it.  If  1.1. 

Muschclkalk,  fossiliferous  beds  of  Mount  Bogdo  allied  to,  185. 
Mustel  (Esthsuua),  Pcntamerus  band  at,  34*. 

Naphtha,  ebullitions  of,  in  tbe  Isle  of  Trhclcken  (Caspian),  313. 

 ■ — ,  Silurian  schists  saturated  with,  on  tbe  Ukhla,  ala. 

Nana,  castle  of,  built  on  ungulite  grit,  28. 

 ,  falls  of  this  river  over  lower  Silurian  limestone,  34. 

 ,  recession  of  tbe  falls  of  this  river  explained,  34. 

Nntthu,  a  species  of,  supposed  to  exist  in  the  magnesias  lime, 
stone,  219. 
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Naiimskiyi-gor*  (ZUtaiut),  minerals  from,  lit 

Neiva  (North  I  ml),  remarkable  deposit  of  auriferous  drtntus  ' 

od  the  left  bank  of  the,  1SJL 
Neoeomian,  or  lower  greenaand  strata,  bcdi  of,  in  the  Crinuca 

ami  Caucasus,  t£AL 
Nrpaul,  fossils  collected  there  by  General  llardvrick. " 
Ncrecta  river  .  viadinuri,  low  ridge  of  white  carboniferous  lirae- 

atone  on  the,  &. 
Nerinaki,  on  the  Oka,  gyptum  of  the  Permian  epoch  in  the 

cliffs  at,  1BL 

.Venriaa  Dmuiiala  found  in  the  white  steppe  limestone  of 
Odessa.  .K>1. 

Srmpteru,  a  Permian  ipecica  of  this  fern  found  also  in  the 

roihc-todte-licgCBde,  liiiL 
Neriansk  (North  I  ral),  zavud  of,  rood  reception  at,  S42S. 
Newfoundland,  Silurian  rucks  of,  6. 

Nietnen  rivrr.  absence  of  erratic  blocks  In  the  valley  of,  510. 

Nijny  Novgorod,  red  marls  and  sands  (Permian)  seen  in  de- 
scending the  Volga  from  Kostroma  to  this  city,  J  Hi  to  lett, 

 ,  magnificent  sections  of  coloured  sands  and 

marls  (Permian)  at,  I  HO. 

  Serginsk,  section  on  the  flank*  of  tbe  Ural  from  Sarana 

to  this  town,  128- 

 ,  mineral  springs  and  altered  and  eruptive  rocks  I 

of.  346,  aa. 

  Tagilsk  (see  Dcmidorf),  munificent  reception  at,  JJflJt, 

  (North  Ural),  rock*  near,  2&SL 

 zavod  of,  3fEL 

 ,  malachite  copper  and  magnetic  iron  ore*  of,  370, 

322. 

 ,  gold  aUuria  of,  IhlL 

  Troitsk  (and  Verkni)  near  Bielehei,  white  marlstonc  (Per- 
mian). 151. 

  Torinsk  (North  Ural),  ravod  of,  m. 

Nikrfur  on  the  Zftyakaya,  a  tributary  of  the  Diotua,  section  of 
Penoian  rocks  at  this  place.  LiL 

Nikitofks,  or  Jeleznoe,  in  the  DoueU  region,  coal  mines  of, 
nr. 

Nikolikaya,  on  the  Tosna,  section  at, 

Ninokotskoi.  near  Archangel,  origin  of  the  salt  pits  at,  UH. 
Nitrogen,  singular  abundance  of,  in  the  tchorno/em  of  Russia, 

North  Ural,  structure  of,  327  to  112. 

 ,  Oxfordiao  beds  on  the  flanks  of.  HQ.  112. 

Northern  Russia,  agreement  of  the  succession  with  that  of  other 
parts  of  the  country,  220_ 

Northumberland,  coal-field  of,  represented  in  the  Jurassic  car- 
boniferous system  of  Southern  Russia  (DoueU),  70- 

Norway,  Azoic  rock*  of,  1_L 

 ,  lower  Silurian  rocks  of,  II*. 

 ,  Mr.  Murchiaon's  sketch  of  the  palaxreoic  succession 

in,  112. 

 ,  upper  Silurian  fossil*  of,  12*. 

.  mineral  changes  produced  by  eruptive  rocks  on  the 

Silurian  beds  of,  LL 

 ,  drift  and  erratics  of,  512  tt  aey, 

 ,  erosion  of  the  surface  of  rock*  near  the  fiord*  of,  512,  I 

Nosdri,  east  of  Kazan  (Permian),  white  limestone  at.  1H!L 
Nosreka  river,  near  Lake  Onega,  Devonian  and  carboniferoui 

strata  of,  let 

Nova  Zcmlia,  these  islands  a  prolongation  of  the  Ural  chain,  2111 
.  ,  coal  found  in,  5H£ 

Novazilikaya,  near  Orel,  fowilifcrous  Devonian  strata  of,  id. 
Noto  Pavlofka,  on  the  Miuss,  flagstone*  and  shale  of,  SH- 

  Salki,  near  Arzamas,  interesting  lection  of  Permian  strata 

at,  IBS. 

 Tcherkask,  near  the  Don,  capital  of  the  Don  Cossack*,  Lflfi. 

 ,  the  town  of,  built  upon  and  oat  of  tbe  steppe 

limestone.  -l±L 

Xaemla  em/iUala,  its  importance  in  identifying  British  and 
Scandinavian  Silurian  strata,  12*. 

Nuguah  (South  Ural),  limestone  of  the  valley  of  this  river  pro- 
bably Devonian,  15IL 


Nummulite  beds  in  tbe  Crimea  overlying  tbe  chalk,  probable 

date  of.  «HI.  2Hfl- 
Nuu,  fossil,  in  the  calcareous  gooiatite  grits  (carboniferous)  of 

Artinsk,  US. 

OatKiRna  moonuins,  northeastern  limb  of  the  I' ral  mountains, 
211L 

 ,  pi  nt  on  ic  rocks  of  (see  Erman),  ill. 

Obc,  fossil  mammalian  remains  on  the  hanks  of  the,  U45. 
Otolut  or  I'nguUtt,  resemblauce  of  it*  shining  fragments  tu 
mica,  -'"* 

Oboyan  on  the  Psol,  chalk  replaced  by  a  white  variety  uf  marly 

rlaystoae  or  "  Kiesel-thon"  at,  ^ViH- 
Obschey  sirt,  ridge  of,  composed  of  red  sandstone  and  conglo* 

tuerate  (Permian),  119. 
 ,  fosailiferous  siliceous  grits  of  tbe  Jurassic  period 

on  the  slopes  of,  247. 
Ocetr  river,  a  tributary  of  the  Oka,  white  (carboniferous )  lime- 
stone with  fossils  observed  on  the  banks  of,  7S*j  Ho*. 
,  Jurassic  fossils  also  found  at,  231, 
Ochausk,  between  Perm  and  Kazan  (Pennian),  lfio. 
Ochrinka,  on  tbe  Oka,  Jurassic  fossils  found  at,  I. 
Oeutina,  points  of  difference  between  this  genus  of  coral  and 

IMhodndnn,  Alia. 
Oilrr,  northern  drift  in  the  upper  valley  of,  525. 
Odessa  limestone  referred  to  the  Aralo-Caspian  series,  -to I 
i  '•  ■:  !,  isle  os*.  true  upper  Silurian  straU  there,  t -'i . 

.  fossils  found  there  enumerated  by  M.  Pander,  25. 
Oka  river,  central  region  of  Devonian  rocks  exposed  in  the 

gorges  of,  53. 

,  DevonUn  succession  shown  on  iU  banks,  55. 

,  section  of,  from  Orel  to  l.iehvin  and  Perrmishl,  55. 

tt  are. 

,  coal  seam  represented  by  a  band  of  bituminous  clay 
in  tbe  cliffs  of,  at  Vornova  (Pcrctuiahl),  Z8. 

 ,  the  white  limestone  of  Moscow  ranges  along  the 

course  of,  hlL 

,  Moscow  (carboniferous)  limestone  best  exposed  in 
sections  no  the,  zU_ 

— — ,  white  limestone  with  red  sands  on  the,  82. 

^— — ^— — near  JeUtma  on  the,  til. 

 ,  Permian  red  marls  and  sands  on  the  hanks  of.  JuU. 

 ,  gypsum  (Permian)  at  Nrrinski  on  the,  DLL 

— — ,  Jurassic  basin  on  the,  2UX 

Oksi-vo  (on  the  Oka),  Jurassic  rocks  of,  233. 

Olaiid,  lower  Silurian  rock*  of,  122. 

Old  red  sandstone.  See  also  llrvtmian. 

 of  the  British  Isles,  nature  uf  the  deposit.  I. 

 ,  the  name  of  Devonian  svsleui  proposed  a* 

a  - ;  nuuyiu,  12. 

 ,  fossil  remains  of  Ashes  found  in  America 

Identical  with  those  obtained  from  this  deposit,  52. 

  overlying  upper  Silurian  strata  in  Nur»«j, 

lav 

— —  ,  the  identity  of  this  series  of  beds  with  the 

Devonian  series  distinctly  proved  in  Russia,  3XU,  ■'»*! 
 ,  identity  of  the  fossil  remains  of  fishes  found 

in  these  beds  in  Ruisia  with  those  from  tbe  Hritish  Islands' 

strata,  Z14tL5it.fi. 
—  of  Russia,  its  resemblance  to  the  nrw  and 

old  red  sandstones  of  EngUnd,  12, 
 ,  extension  of  ss  far  as  the  White 

ta.Hi 

 ,  doubtful  age  of  a  conglomerate.  Us. 

 — ,  beils  of  this  svstem  on  the  flanks  of  tbe 

Ural,  KM,  2di  H  pmm. 

,  some  lithnlogical  analogies  of  the  Russian 
beds  of  this  age  with  tbe  Permian  rock*.  112. 

.  rock*  resembling  these  beds  on  the  Sinera 
(east  flank  of  Ural),  LLL 

 occurs  at  Akri-tau  (South  I'rmD,  *6U- 

Okler  rocks,  their  investigation  one  uf  the  great  objects  of  geo- 
logist* of  late  yean,  L 
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Olivicri,  Col.,  his  investigations  of  the  coal  of  Russia,  JS,  It 
el  ;  hii  map  of  Ibc  Donetx  country,  112 ;  bit  j uremic 
localities.  224. 

Olonrtz,  M.  Engrlmaiin's  memoir  on  the  mining  district  of,  22, 
Onilierg  (Sweden),  junction  of  Silurian  ami  azoic  rocks,  1  "■ 
Onega,  bay  of,  islands  of  crystalline  rocks  in,  22. 

 ,  lake,  examination  of  irappean  and  metamorphir  rocks 

on  the  western  bank  of.  2£L. 

,  line  of  disturbance  near,  24. 

,  Devonian  strata  near,  42. 

,  undulating  hills  of  drift  near,  .'il  1 
— —  riter,  hanks  of,  about  liiil  sersta  above  its  month,  junc 
tion  of  Devonian  strata  and  carboniferous  limestone  to  be 

am,  41, 

 ,  mouth  of,  in  the  White  Sea,  the  strata  of  the  De- 
Ionian  age  probehly  form  the  subsoil  there,  4JL 

 ,  extension  of  the  white  carbouifemus  limestone  to 

the.  EL 

Ontolrvn  (on  the  Ishora),  notice  of  red  beds  there  by  Strang- 
ways,  31! 

 ,  superposition  of  the  beds  at,  MS 

Oolites  of  England,  their  representatives  among  the  Jurassic 

rucks  of  Russia,  248. 
 ,  extension  of  beds  contemporaneous  with 

(he  Oxford  clay  of  that  series  from  the  plains  of  Prussia  to 

the  frontiers  of  Asia,  25fL 
Oolitic  or  Jurassic  system  of  Russia,  Ifcfil.  el  sey,,  £82. 
  ,  upper  Limestone  of,  on  the 

Doneu,  22SL 

 beds  of  the  mloeene  period  in  southern  Russia,  8&L 

Optika  (Orell.  sandy  Devonian  beds  at  Ivanofsk  on  tlie  banks 
of  the,  52. 

Oriieula  (Silurian)  associated  with  L'ngulites  on  tlx  banks  of 
the  Tosna,  28. 

— ^— mimtu  (Jurassic),  reference  to.  I1  Ut 

d'Orhigny,  M.  Aleide,  Ins  conclusion  regarding  the  fossils  of  the 
Jurassic  rocks  uf  RussLa,  24U. 

 ,  his  comparison  of  the  fossils  of  the  Rus- 
sian Jurassic  rocks  with  those  uf  the  English  oolites,  1&4. 
(See  vol.  ii.) 

Orenburg,  an  anticlinal  axis  extends  to.  from  Sterlitamak,  KIL 

 ,  asrending  series  of  I'ennian  rocks  near,  lAi. 

.  light  coloured  marly  sandstone  Permian  at,  1 1" 

 ,  red  grits  and  conglomerates  I  Permian)  in  its  neigh- 

hourbood/Ufli  sketch  of  in  the  distance.  I'M.  6U. 

 .  Permian  rocks  and  mek-salt  south  of.  Lfi2  el  '"} 

 .  fossils  from  the  rastern  steppes  of,  identified  as  Ju- 
rassic by  von  Much,  -  Ii*. 
Organic  remains.   See  Fomti. 

Origin  of  coal  in  Soulltern  Russia  not  to  be  explained  hy  subsi- 
dence of  the  land  on  which  the  plants  grew,  113. 

,  analogy  to  explain,  at  mouth  of  Dwina,  S2SL 

 copper,  gold  and  platinum  alluvia,  472.  liL 

OrlotT,  Count  Alexis.    See  Preface,  xiv. 

Orontes  (Tanghi-Daria),  the  stream  of  this  river  artificially  de- 
flected, "w7 

Orik  and  Vcrch-Uralsk,  description  of  the  Gubarlinski  Hills  1st- 
twrrn  these  spots.  Hi 

 ,  jaspideous  liands  and  eruptive  rocks  near,  HI?. 

Orlhit  generally  characteristic  of  Silurian  rocks,  26  el  tea. 

 r  rim in  in  the  upper  (carboniferous)  limestone  and  asso- 
ciated with  FiiMilina,  83. 
,  the  rarity  of  this  gr tilts  in  the  Permian  system.  HI  7. 

Orthography,  English,  how  applied  to  Russian  wonts,  858. 

Orthorrratiie  limestone  (l<>*er  Silurian),  at  Kinnckulle,  Omberg, 
ling.  Oland,  Ac.  in  Sweden,  ii        iL  18. 

 —  , — — — —  of  Russia,  called '  pleta,'  forma 

one  sulidivision  of  the  Russian  Silurian  series,  25*.  2»*. 

 — —  of  Eslhonia,  33*  el  see. 

 .  ■  -,  its  characteristic  peculiarities 

in  different  beds,  2St 

Osar,  or  Asar,  piles  of  stones,  sand  and  gravel  resembling  mo- 
raines, description  of,  542,  Ul 


Osar,  or  Asar,  aqueous  origin  of,  illustrated.  M7. 
Oscillations  affecting  the  Russian  carboniferous  rocks,  1 .13. 

 ,  great,  without  derangement  of  the  strata.  33 1 . 

—  ,  explaining  the  local  drift  phenomena  of  Si- 
beria, jos, 

 ,  a  frequent  occurrence  in  Russia. Kj . 

Oslonskoi  Pristan,  on  the  Tchussovaya,  trough  of  carboniferous 

limestone  between  this  place  and  Klnovsk,  3£sL 
Oitrmi,  fossil  found  in  Permian  limestones  of  Itshalki,  \G6. 

 ,  also  in  the  carboniferous  limestone  of  Belgium,  225. 

Otlry,  Mr.  Jonathan,  his  exertions  in  Cumberland,  S*. 
Ottrada.  village  of,  sections  of  Devonian  strata  on  the  cliffs  of 

the  Oka  near,  187. 
Outliers  of  carboniferous  limestone  near  Petrofskaya,  on  the 

right  bank  of  the  Upper  Donetz,  115 
  on  the  banks  of  the  Bie- 

laya,  130,  150.  431.  461. 
Ouvarovite,  a  beautiful  green  mineral  peculiar  to  the  I'ral 

mountains  and  Siberia,  locality  of.  3M0.  fiH 
Orel,  on  the  Oka,  dome  of  Devonian  rocks,  55,  AS. 

 ,  central  dome  of,  free  from  transported  blocks,  5ii 

Owen,  Dr.  Dale,  bis  account  of  the  geology  of  Indiana,  42. 
Owen,  Prof.,  his  microscopic  examination  of  the  teeth  of  Drn- 

nVodsu,  fiZ ;  description  of  the  I).  Mure/kuimi,  fi.it> 

,  his  opinion  of  the  adaptation  of  the  mammoth  to 

live  in  northern  climates,  4!)7. 

 ,  his  opinion  an  the  .furocAs,  503 

Oxford  clay,  or  Terrain  Oxfordien  of  Russia,  33H 

■  ,  various  basins  of,  2211  to  118. 

 ,  the  equivalent  of  the  Russian  lower  Jurassic, 

241 

  ,  fossils  of  thb  deposit  in  Southern  Africa.  2i2. 

.  importance  of  this  bed  In  Eastern  Europe,  248, 
Oxus  river,  its  stream  artificially  deflected.  577 

Paillicttk,  M.,  his  researches  in  the  north  of  Spain,  42. 
 ,  his  examination  of  the  sulphur  deposits  of 

Sicily.  158. 

Palatki,  fossiliferout  Permian  limestone  of,  118. 
Pallas,  bis  notice  of  the  Ptuulina  limestone,  fiZ, 

 ,  his  account  of  the  sulphur  deposits  at  the  baths  of  Ser- 

giefsk,  158. 

 .  his  account  of  the  freezing  caverns  of  Illctxkaya  Zaat- 

cbita.  lML 

 ,  his  account  of  Mount  Dogdo,  193. 

 ,  bis  notice  of  the  concretions  of  impure  argillaceous  lime- 
atone  of  Vassili-Maidan,  244. 

 ,  his  account  of  chalk  on  live  liusuluk  river.  222. 

 ,  his  idea  of  a  great  ancient  inland  sea,  288. 

— — ,  his  account  of  the  Caucasian  boundary  of  the  southern 
steppes,  315. 

 ,  his  opinion  of  the  ancient  Caspian,  212. 

 .  bis  distinction  of  the  ages  of  the  two  salt  deposits  of  the 

steppes,  3211, 

 --,  his  descriptions  of  the  I'ral  mountains,  332. 

 ,  his  account  of  the  Katchkanar,  3112. 

,  his  account  of  fossil  bones  in  Siberia,  414;  In  Russia, 

Pahrounc  classification  of  the  British  Isles,  L 

 applied  to  Germany  and  Belgium,  3. 

 France  and  Spain,  4. 

 of  North  America,  42. 

— — —  of  South  America,  aa> 
———————  of  Northern  Europe  and  Asia,  fi*. 

^— —  of  India.  Africa,  ami  Australia,  tl*. 

 corals  of  Russia  described  hy  Mr.  Lonsdale,  5ML 

Palaeozoic  rocks  in  the  heart  of  the  Ural,  451L 

 all  elevated  in  parallel  directions  in  the  Ural, 

408. 

 succession  of  deposits.  See  Sfsarseia,  Devonian,  Car- 

txmtfermit  and  Permian. 
.  type  of  the  rechstein  continued  into  certain  overlying 

(Permian)  sandstones,  2UL 
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Palmnuew  Freulrlrni,  the  only  Permian  fish  found  in  the 

carboniferous  limestone,  SHii. 
Pahtdina.  ettrcmc  abundance  of  in  the  steppe  limestone,  3QII. 
Pamir,  esteiuson  of  Arulo-Caspian  deposits  to  the  plateau  of, 

.110 

Pander,  M.  (hi»  works,  Prr/tct),  hi-  idea  mm  .-ruing  the  dislo- 
cation of  the  Pulkovka  brouk.  31. 

,  hi»  determination  of  Silurian  rocks  in  Esthonia,3l±. 
,  fossils  found  by  hitn  in  the  i»lc  <if  tlcsel,  3d. 

Parallelism  of  the  disturbances  in  the  I  ra],  ilia. 

Paris  ha»in.  certain  liennan  and  Polish  tertiary  beds  sU|>po>cd 
to  be  contemporaneous  with,  ^H.i 

Parnassus,  scratches  on  the  flanks  of,  not  done  by  glaciers, 

Parrot,  M-,  on  the  takeof  Uurkneeh.  (See  vol.  ii.  Jraat  i'nutj.) 

I'iwarr  of  lower  into  upper  carboniferous  scrie*  near  Kun- 
Jrof  ka.  132. 

 from  cretaceous  to  tertiary  rock»  at  Antipofka  on  the 

Volga.  HL 

 (supposed)  from  erelaeeout  to  tertian-  strata  in  Rus- 
sia, 2olL 

 from  Miocene  to  Pliocene  heds  at  Kirhenef,  JUKI,  3113, 

Panlograd,  mctanHtrphie  rocks  between  tbU  town  and  Alrxan- 

drnfsk  on  the  Voltrliia,  ilL 
Payen.  M  ,  his  analysts  of  the  tclicniozeui  or  black  earth  of 

Russia.  i£lL 

Peach,  Mr.,  his  iliscovery  of  Silurian  fossils  in  Cornwall,  14*. 
Pebbles  of  large  site  in  the  Penman  gnls.  I 
Peijms  l.nke,  transvrrsc  depression  of,  ^ 
Penccn,  a  name  inapplicable  to  the  Permian  rocks,  1  ill, 
Pinejra,  carboniferous  limestone  estenda  to,  7  ,i 
Pmlat'it-mt  oMfmynw,  fossil  separating  the  luwer  from  up;>er 
Sdnrinn  rocks  in  Norwav  and  America  as  in  British  Isles, 

Ifi  izi,ant 

 ioren/ii  represrnU  P.  Mmytu  in  Esthonia  ami 

Kotrno.  342,  3rl«. 

'        KuigSlH,  species  sery  near  to,  in  upper  Silurian  of 
the  I  ral  mountains,  ML  3!ii. 

•  limestone,  metamorphosed,  at  Djelebeck,  Nor- 


way, LL 


absence  of  this  fossil  in  Permian  rocks,  2U1L 


Prpitcs  or  lump*  of  solid  gold  to  the  south-west  of  Miask,  tX9. 

Peremishl  on  lite  Oka,  lowrr  carboniferous  rocks  at,  77. 

 ,  the  ciiHTs  oftposite  this  town  contain  bituminous 

clay,  replacing  coal,  7j\  79. 

Pereiam  liina.  south-west  of  Zlataiist,  argillaceous  and  fisaile 
limestone  at,  LBL 

Perkina  (road  to  Archangel).  Fusulina  limestone  at,  82, 

 — ,  large  granitic  northern  block  near,  SIB. 

Perm,  succession  of  strata  to  the  south  ami  east  of,  Lti  W  sec. 

Pennia,  ancient  kingdom  of,  affords  the  new  collective  name 
for  the  strata  between  the  carboniferous  and  triassic  sy- 
stems, 13H, 

Permian  system,  its  first  establishment,  21i  L  132  e/  acy . 

,  the  beds  nf  overlying  carboniferous  strata  on 
the  road  to  Bacbmuth,  1LL 

.  the  carboniferous  limestone  seen  underlying  a 
small  trough  of,  at  Stcrlitantak  in  the  South  Ural,  LUU. 

,  reason  of  ap|>1ying  the  name  "  Permian  "  to 
this  group  of  rocks,  I31L 

 ,  Its  limits  in  Russia,  LLL 

-,  sections  of  limestone,  gypsum  and  copper  de- 


posits near  Perm,  112. 

 on  the  western  Dank  of  the  South  Ural,  LLi. 

section  of,  from  the  Ural  mountains  to  tbc 


Volga,  ua 


Kazan.  lfHI. 


,  sulphur  deposits  of  tlse.  1.1* 
as  exhibited  in  tbc  country  between  Perm  and 


-  developed  in  the  rocks  around  Katan,  101 . 
,  western  and  southern  limiu  of.  in  llsc  govern. 


mcnts  of  Nijnl-Nosogorod  and  Simbirsk,  Iflt 
,  sections  of,  near  the  Piana,  lfifi. 
 highly  fossiliferous  at  ItahalkJ,  lflfi. 


Ttiniian  ijrlini,  origin  of  ccj  per  tirds  and  mcrls  of,  1418. 

 ,  section  of,  on  tlse  Pinega,  122. 

 .  gypsums,  marls  and  limestones  of,  on  the 

Dm  inn,  173. 

 ,  sections  of.  on  the  Strelna  and  Suchona.  1 77. 

sections  of,  nn  the  Volga,  Oka  and  Kliasma 


risers,  Ififi, 

,  as  seen  south  of  Orenburg,  183. 
-  containing  rock-salt  at  Illrtikaya-Zastchita  in 
the  steppes  of  the  Kirghis,  Int. 

 ,  saliferous  rocks  of,  and  overlying  fossiliferous 

limestone  of  the  lower  steppes  near  the  Caspian,  LU&. 

 ,  rocks  of  Mount  Bugilo,  tra 

— ,  origin  <if  the  salt  of  the  steppe  of  Astrakhan. 


referred  to  the  rocks  of  this  period,  IM. 

 ,  fossils  of  this  period  and  their  equivalents  in 

other  parts  nf  Europe  reviewed,  ll£!f  rl  try. 

 ,  German  equivalents  nf,  2ttHL 

 ,  Prcnch  and  English  equivalents  of,  2U2. 

 ,  its  rocks  cnnfomiablewitli  the  ovrrlying  Irias- 

sic  strata,  and  fre<|ucntlv  unconfonuable  with  the  carboni- 
ferous, sm. 

 -,  '.  i'«  "1  the  urs  line  rrmnius  i  t,  i*j  tn  ','  !S 

 ,  uiodiflcatioiis  undergone  in  distant  geogra- 
phical regions  by  the  fauna  of,  213. 

 ,  general  remarks  on  the  flora  of,  21H, 

-—  ,  tabular  list  of  tlse  fossils  of,  in  Europe,  -  -  > 

 ,  disintegration  and  reconstruction  of  its  con- 
glomerates ili. 

,  range  of  the  strata  of  towards  the  I  ml,  353. 

 ,  bounded  by  the  Timsn  range,  418. 

 ,  In  il-  .«  Vircbn  iin,  and  i" n  the  <i-.r- 

tnara  Hills  (South  Ural),  A51L 

,  trough  of,  overlying  the  carboniferous  strata 
between  Akritau  and  Tchekclau  (South  Ural),  460.  Uil_ 
-,  deposits  of,  atferted  on  line*  parallel  to  the 


rocks  of  the  carboniferous  series  in  the  Ural,  ItiK. 

,  general  concliuiuns  concerning  series  of  rocks 
in  Kussiu,  il± 

Pcrowski,  Perovski,  or  I'rrofski,  Heneral,  bis  great  assistance 
to  the  authors  in  the  government  of  Orenburg,  131,  ,".117, 
3111,  iAl ;  bis  map  of.  3JH  ef  .„/. 
Perse  river  (Uvonia),  concretionary  Devonian  limestone  of,  il_ 
Peschanka  (North  Ural),  gold  mines  of.  3J0, 4JM^  Iti 
Petrhora  river,  survey  of  the  liasin  of  the,  il*. 

,  Count  von  Keyserling  and  Lieut.  Krusen- 
stcrn's  expedition  to  its  mouth.  Hi.  t5t.  4M>7. 

.Otfonlian  lseds  where  this  river  empties  itself 


into  the  Icy  Sea,  221L 

-,  modern  raised  marine  deposits  of  the  mouth  of. 


— ,  whetstones  (carboniferous)  found  near  the,  4111 

 .mixed  Jurassic  strata  of  clay  and  sand  at  the 

confluence  of  the  Ijema  with  the,  417. 
Pctchora-ill-is,  mountain  of  the  Arctic  Ural,  view  from,  407. 
Petersburg,  St.,  Silurian  rocks  of,  2A. 

 ,  section  from,  to  Ciarskoc-cclo,  22* 

 ,  relative  age  of  the  strata  near,  32. 

,  a  favourable  place  foe  studying  the  distribution 
of  northern  erratic  blocks,  .1 1  ■' 

-,  aixc  of  block*  in  the  neigblsourhooil  of,  S'»3 


Petersgal  on  the  Issetz,  crystalline  carboniferous  limestone  of, 

Petrofskaya,  on  the  Upper  Douett,  carboniferous  rocks  at,  90. 

 ,  outlier*  of  carbouiferous  rock*  near,  HjL 

 — ,  Jurassic  fossils  found  near, 

Petropavloak  oa  the  Siaas,  inrUnation  of  SUuriaa  strata,  311*. 

-,  the  dills  near,  described.  3JL 


.  (North  Ural),  Devonian  limestones  at,  332, 
.  river,  foasib  from,  tlLi. 


Petroiavodsk  (Olonrtt),  rocks  in  the  neighhourbood  of,  £L 

trapneaii  rocks  of,  altering  the  pebrotoic  strata 


near  Lake  Onega,  12. 


4  u 
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Petrozavodsk,  transverse  dislocations  near,  21. 

 .  elevations  of  compared  to  that  of  the  Tiinan.  ILL 

.  appearance*  nf  drift  it,  51 1.  515, 
,  direction  of  scratches  on  the  rocks  near,  531L 
Phillips.  Prof.  John,  hit '  Geulogy  uf  Yorkshire'  referred  to,  L 

.  hit  work*  on  |i*kruroic  fiM.lls.  panim, 
 ,  hi*  suggestion  concerning  the  fossils  of  the 

English  magrtrsian  limestone,  li. 
Philippi,  Prof.,  hit  identification  of  fossils  from  the  Wieliczka 

rock  tall,  21M. 
Physical  geography  ofOtiU.il  Russia,  2sC 

 of  the  Cral  mountains,  33H  rt  aety. 

[ancient)  of  Kottia  and  tlte  Ural  mountains, 

471  H  iff..  581.  22L. 
Piana  river,  Interesting  sections  of  Permian  rocks  at,  l&ZL 

,  bclcuinilei  t  hserveil  in  the  lied  of  the,  21 L 

,  concretions  of  impure  argillaceous  f  Jurassic)  limestone 

between  this  river  and  the  Sun,  215. 
Piamla.  roncretious  of  pink  gypsum  (Permian)  at,  174. 
Piattithianskaya,  section  of  cretaceous  Mcks  on  the  I>on  he- 

twecn  this  totrn  and  Gnlahiiivkaya,  27». 
Pirlct,  his  memoir  on  tin-  conservation  of  tummrr.ice  in  uatoral 

caserns,  1 97. 

Pietitti,  a  village  on  the  Don  where  the  most  southerly  Devo- 
nian rocks  occur,  6UL 

Pijema  or  Pishma  river,  Devonian  rocks  on  the,  414- 

Pincga  river,  earhoiiiferous  limestone  on  bauks  of  the,  77 1 
Permian  rocks  with  gypsum,  122. 

 ,  section  of  the  cliffs  near  the  town  of,  USL 

Pinsk,  marshes  nf,  the  southern  limit  nf  the  erratic  blocks,  2H. 

Piwu  crmbnt.  its  abundance  in  the  I'ral  mountains,  .'Wl .  See 
sketch.  428,  S2L 

Pisohtic  limestones  {rorboniferoos)  near  Vitegra,  7JL 

—  (Permian),  account  of,  1 IX 
— — — —  —  (Juratsici  on  the  Done!/.,  251L 
Planer- kalk  of  Savons,  its  geological  |Hisitiou,  261 . 
Plants,  fossil  (carboniferous),  r:t.  II.',  1  -"■>.  ilLL 

 -  ■ —  (Permian;,  in  highly  cupriferous  grits,  141 

 .  <om;iiici  i  In  M.  lirongntarl  sviUi  EST. 

boniferous  aivd  other  plants.  •il!>.    See  vol.  li. 

 (Jurassic),  of  the  siliceous  grit  of  Moscow,  240, 

Plastic  clays  between  Kremcnctz  and  Grodno,  £85. 

Platanoff.  Captain,  his  assistance,  1 4.1. 

Platiuiferoua  alluvia,  nature  of,  -IS  I. 

Platinum,  origin  of  the  ore  of,  1113. 

— — ,  alluvia  of,  in  the  central  ridge  of  the  I'ral,  333. 

 and  gold  diffused  through  the  rocks  in  which  they 

occur,  IB2. 

Play,  M.  le,  his  description  of  the  coal-field  of  the  Donel/.  LHL 

— —  ,  on  the  igneous  origin  of  magnetic  iron  ores  and 

platinum  of  the  I'ral,  »*«,  .'ISO,  481. 

Pies,  red  marl  covered  by  Jurassic  rucks  near,  178. 

 ,  succession  of  Jurassic  rocks  between  this  place  and  Ki- 
neshma, 222, 

Plesiosaurus,  remain!  of,  found  near  Moscow,  417. 

'  Pleta,'  or  Oriboccralile  limestone,  its  position  in  the  Russian 
lower  Silurian.  2,1  * 

—  -,  general  account  of,  2KS. 

 ,  passage  upwards  into  supe- 
rior strata  possibly  traceable  by  tltc  examination  of  the 
country  west  of  Baltisch  Port,  2LL 

 proved  by  its  fossils  to  be- 
long to  the  lower  Silurian  rocks,  ,'Ui* 

Pliny,  bit  view  of  the  changes  that  had  taken  place  around  the 
Caspian  before  his  time,  577. 

Pliocene,  date  of  the  steppe  limestone,  200. 

-  nf  the  Caspian  deposits,  223.  ■ 
I'oeroi  i  hovno),  grey  Silurian  limestone  at,  32. 

l'udt;oraoa,  lulls  of  gr  I  and  conglomerate  thrown  off  by  the  Gu- 

l-crlinski  hills  (South  I'ral),  USL 
I'odnlia,  height  of  the  wettem  extremity  of  the  granitic  steppe 

of.iL 

 ,  extent  of  Silurian  formations  in,  ■'18* 


Pmlolia,  miner  tic  ternaries  in,  283  gin     (See  Dubois.) 
Pulaml,  sandstones  south  of  Warsnw  belong  to  the  same  series 

as  the  siliceous  grits  of  Moscow  (Jurassic),    1 1 
 ,  Jurassic  rucks  of.  cunncct  the  oolites  of  England  with 

those  of  Russia.  252. 
— — ,  aceonnt  of  the  cretaceous  rocks  of,  2&L 
 ,  middle  tertiary  deposits  in,  '^*-'t 

 .  tlie  southern  part  of  that  count  ry  surrounded  by  erra- 
tic blocks.  6115. 

Palish  frontier,  erratic  blocks  in  this  district,  223. 

Polished  rocks  in  the  government  of  Olnnrtr,  53U. 

 no  proof  of  glacial  action  exclusively,  222. 

Polist  river,  lower  members  of  Devonian  system  tisilde  In  its 
water-course,  12. 

Pols  pifert  of  the  Permian  rocks  all  distinct  from  those  of  tlie 
carboniferous  series,  2JaL 

Potueranla,  trainees  of  Scandinavian  Imuldcrs  in,  223. 

Pontcfract  rnek  of  England  represented  by  some  of  the  Permian 
grits  of  Russia, 

Popnfsknc  (Dnnetr.),  anthracite  of,  101. 

Popaska  (a  tributary  of  «he  Slavenka),  transverse  rents  of  the 
strata  near,  31* 

 ,  fossiliferous  heils  of  lower  Silurian  limestone  near,  23, 

Poritz,  south  of  Curskoe-crlo,  marlstone  clilfa  of  Devonian 
age  at,  23. 

Porphyry  of  Ringerigge  (Norway  I.  13*. 

 alternating  with  schists  in  tlie  Irendyk,  123. 

— — —  and  otlier  rocks  of  the  axis  of  the  South  I'ral,  454. 
,  augitir,  of  HlagorUt  (North  I'ral),  221L 

 ,  copper  mines  at  the  junction  of  this  nick  with  lime 

stone  at  Turyinsk,  .WW 

 near  Verch-l'ralsk,  4 1 i. 

Porphyritic  breccia  of  Mount  Sahliii,  i-LL 

IVim'ii.  alnencr  of  great  erratic  blocks  in  the  plain  of,  223. 

PusiiUiuia  shale  (Jurassic)  uf  the  Ijcina,  41* 

Pussohea.  on  a  tributary  of  the  Siaaa  river,  dome  of  lower  Silu- 
rian (lags  at,  :i<>'. 

Prague.  Silurian  strata  near,  .*>*. 

Pn-ohrajeiitki-gura  (Orsk)  greenstone  porphyry  and  jasper,  1UL 
Preobntjensk,  section  across  the  plateau  uf,  4, 'ill 

 .  zavod  of  (South  I'ral),  i ."  -' 

Preservation  of  the  skin  and  hair  of  the  mammoth,  etc.  a  natural 

cnVrt  of  the  Siberian  cJimste,  ilia. 
Priksha  (Valdai).    Si'e  Printettxi,  the  name  being  spelt  in  this 

way  by  mistake  in  the  text, 
Pristan  (South  I'ral),  Silurian  rorki  between  Alina  and,  t.'i- 
Priutcltka  (properly  Priksha)  rivulet  (Valdai), admirable nat ileal 

sections  uf  Desunian  and  earhoiiiferous  strata  in  the  gorge 

of,  45,  «,  7X 

,  fossils  of  upper  limestone  of  the,  12. 
ProdartuM.  great  abundance  of,  in  the  carlKinifcrout  aeries  of 

Russia  generally,  Lil_ 
 ,  common  in  the  carboniferous  system  of  the  Donrtr. 

U. 

— — —  ftigmfruM  Ihrmuphrricni,  Sow  )  characteristic  of  the 

lower  limestone  of  Tula  and  Kaluga,  7_iL 
 ttriala  (momalo,  Sow.)  found  In  llse  lower  limestone 

of  the  Valdai  Hills,  22. 

,  character  of  the  Permian  species  of  this  genus.  207. 
— — ^—  fVnsrrsiti,  beds  containing.  I  .r>  I . 

 horretttm  the  lechstein  analogue  of  P.  Aom'r/sur,  1\7 

 limcitone(carboniferons),  its  position  in  the  series,  78- 

 (Permian),  description  of,  123. 

Productive  coal-seams  beneath  the  chalk  near  t'spentk,  IIS. 
Protozuie  type  developed  in  the  lower  Silurian  rocks  of  England. 

Norway,  Sweden,  Russia  and  America,  2  to  31>*. 
Prussia,  account  of  erratic  blocks  in,  522- 
Psammitic  shale  ( cretaceous)  south-west  of  VoUk,  Hi. 

 —  grauwacke  in  the  gorge  of  the  I'rmaurelair.  122. 

Ptmpigilum  MmrcM*nia»Hm  a  fossil  of  the  siliceous  (Jurassic) 

grits  of  Moscow,  SilL 
Pudolsk  on  the  Pakra,  uppermost  beds  of  while  (carboniferous) 

bines  tone  at,  HI. 
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Pulkova  (St.  Petersburg),  erratic  hWk*  at.  Hi. 

Puikovka  brook,  abundance  of  lower  Silurian  fossil*  near.  28. 

,  vet  inn  across,  exhibiting  undulationa,  11- 

 .  transverse  crack  of  the  <trata  through  which  the 

brook  runs,  ill*. 

Pultiaya-gora  (Arctic  Ural),  a  hill  of  Silurian  rock  charged  with 
concretions,  4J8L 

Pulnitxa  (St.  Petersburg),  Ungulitr  grit  near, 

Piuch.  M  ,  his  works  on  Poland.  264, 2JQ,  652. 

PuticTil.  Scandinavian  detritus  on  the  Seiu  near,  iii. 

Hutshino  near  Serpuehnf,  Moscow,  wlute  (carboniferous)  lime- 
stone exposed  at,  82. 

 — — .  calcareous  tufa  at,  82. 

Pjrreneei,  palannoic  rocks  of  the,  i. 

Pyritous  condition  of  the  coal  in  the  central  caibonifcrous  basin 
of  Russia,  UL 

HrsDF.n.«ASr,»rs:ls  the  representative  on  the  continent  of  the 

upper  part  of  the  lower  greeutand.  .'li  I . 
Quadrupeds,  fossil,  of  Russia  in  Europe.  ■">''" 
tjuarti.  blocks  of,  on  the  surface  of  Jurassic  districts  in  Russia, 

ML 

 .  veins  of,  in  the  North  Ural,  38l_i  121 H  trq. 

—  rock  (melaniorphic )  composes  the  Tagaiiai  mountain  and 
tnsny  other  peaks  of  the  South  Ural,  42*.  !.">/  el  see. 

— — — ,  hands  of,  in  micaceous  schist  forming  the  crest  of 

the  I  ral-lau,  1XL 

 ,  passage  of  mica  schist  into,  alsVL 

 ,  northern  erratic  blocks  of,  it  Juricvcti,  on  the 

Volga.  42U. 
— —  veins  with  gnl<l,  I  77 . 

QuarUflM-'  grauwackc  near  Avzianak  (South  I'ral),  lifl. 
— — —  and  micaceous  schists  of  the  South  Urid, 
 micaceous  schist  (Itacolumite)  of  the  Ural  the  matrix 

of  diamonds,  ihl. 

 rucks  of  the  Arctic  Ural,  IflZ. 

Qucnstrdt.  M„  his  list  of  foiads  of  the  zechstein  of  Thuringio, 

91 S 

Ksmo sores,  near  Serpuclmf,  section  of  rarnonifcrou*  rocks 
at,  BL 

Raised  beaches,  so  called,  some  of  them  raised  sea-bottoms,  iii 
Rapolmava  near  Perm,  fossil  Cylieriiue  found  in  Permian  rocks 
at,  L43. 

Rcbrova  (St.  Prtersburg),  Unjrulite  grit  near,  '27*. 
Recession  of  the  falls  of  the  Narva.  iL 

Red  conglomerate  at  the  base  of  the  carboniferous  deposit  of 
the  Donctx  coal-field,  82;  near  Sterlitamak,  ASUL 

—  rocks  of  the  carboniferous  period  in  Russia,  88. 

  scries  almve  the  fosailifcrous  limestones  of  the  Permian 

period,  1/5. 

— r  marls  (Permian)  between  Archangel  and  the  government 

of  Vologda,  120. 
i  ,  wide  aprea<l  of,  in  Russia,  I  BO  ef  art;. 

Relation  existing  between  the  greater  or  less  duration  of  species 

and  their  extension  to  distant  parts,  -'If.. 
Remains,  organic    See  Fomiit. 

Hepidolite,  a  mineral  found  on  the  western  flank  of  the  Naxim- 

skaya-gora.  South  Ural,  428. 
Resume  of  the  whole  work,  421. 

Rhenish  provinces,  Belgium,  Ac,  eonflrmation  of  the  views  of 
pabcoxoic  classification  (particularly  Devonian)  by  the  ex- 
amination of  these  districts,  li. 

RAm'jcrrat  lichorhhuu,  complete  rarcass  of,  found  by  Pallas,  42fL 

Riga,  fossil  ashes  from  the  Devonian  beds  of,  83. 

Ringrrigge  (Norway),  Old  Red  Sandstone  overlying  upper  Silu- 
rian strata  at,  13. 

Rmt/icnla  Anccnsra,  a  fossil  found  in  the  rock  (alt  of  Wielicxka, 

'  L".ll. 

Rivers,  the  keys  of  the  geology  of  European  Russia,  22. 
.   ■      do  not  traverse  the  Ural  mountains,  344. 

 ,  desceol  of,  in  Russia,  232 ;  on  the  flanks  of  the  Ural, 

362.382. 


River  courses  of  Silieria  of  great  autiuuity.  *aB. 

Rnads  in  Russia,  usually  pass  over  the  highest  land,  4Z2, 

Ruhinson,  Dr.,  his  explanation  of  the  freezing  cavern  at  llletx- 
kaya-Zaslchiu.  IBI. 

Rock-salt  wurks  at  Illit/knyn-Znsrrhita,  UU. 

Rornicr,  Dr.  P.,  his  work  on  the  Itlirnish  provinces.  X 

lingers,  Messrs.  W.  and  II.,  their  virus  on  the  jtabuozuic  suc- 
cession of  North  America,  4*. 

Roofs  and  floors  of  the  coal-seams  in  the  northern  carboniferous 
district  in  Russia,  1118. 

Rose,  M.  fiiislaf,  his  work  on  the  Ural  mountain*,  Ac.  referred 
to.  338,  353  ptmm. 

;  his  examination  of  the  rocks  of  the  Ural 
mountains.  36U.3&7.  869.370.376.37;>.  .Tl,i,31ia  el  ptutim. 

 ,  his  account  of  the  minerals  assocated  with  gold  ores 

referred  to,  4*7  el  are . 

Rosvadl  in  Poland,  fossil  plants  found  at.  212. 

Kothc-todte-liegendc  not  a  member  of  the  carlioniferous  group, 

law 

 is  included  in  the  Permian  system,  140. 

Rouiller.  Professor,  hi«  discovery  of  microscopic  fossil*  of  the 

siliceous  grits  of  Moscow,  241. 
Rumcnithni-iio*  (Timan  rangr\  granite  and  argillareous  schists 

of,  ill 

1  Riiprechl,  St.,  on  limestones  and  schists  on  the  shores  of  the 

glacial  sea.  73,  J 13. 
i  Russrll,  Mr.  Scott,  his  experimenls  on  waves  of  translation,  j,'t.i 
Russia,  its  true  geological  structure  not  previously  developed. 

Preface,  vi. 

— ,  course  taken  by  the  authors  in  examining.  Preface,  vii. 
el  try. 

 ,  palicoroic  succession  in,  II  to  228. 

 ,  Jurassic  rocks  of,  S.  and  222  to  258. 

 ,  cretaceous  sy  stem  of,  8,  and  253  to  28U. 

 ,  tertiary  deposits  of.  8*j  and  281  to  333. 

 ,  general  account  of  the  physical  features  and  drainage  of, 

fat. 

 ,  crystalline  rocks  of  the  north  of,  22. 

I   .  intrusive  rocks  and  metamorphosed  palaeozoic  strata  of, 

22i- 

 ,  transverse  dislocations  along  the  northern  paJieozoic 

frontier.  23*. 

 ,  Silurian  rocks  of  St.  Petersburg  and  the  Baltic  pro- 
vinces of,  23. 

 ,  subdivisions  of  the  Silurian  system  in.  28  el  ley. 

 dip,  undulations  and  dislocations  of  the  Silurian  strata 

of.30*. 

 ,  junction  of  lower  Silurian  with  Devonian  strata  in,  j£L 

,  tower  Silurian  rocks  of  Kith, mis  in,  33*. 

 ,  upper  Silurian  deposits  of, 

 ,  Silurian  fossils  of,  38. 

 ,  general  range  of  the  Silurian  rocks  In,  38L 

 ,  Devonian  or  old  red  sandstone  system  of,  41  el  see. 

 ,  northern  Devonian  zone  of,  1L 

 ,  Devonian  rocks  In  Courland,  Livonia,  Ac.  in,  &SL 

 ,  central  region  of  Devonian  rocks,  or  geological  axil  of, 

B. 

,  Devonian  rocks  of  the  Don  in,  fiJL 

 ,  general  view  of  the  organic  remains  of  the  Devonian 

rocks  of,  «!, 
,  carboniferous  system  of.  68  el  tvsy. 
— ,  divisions  of  the  carboniferous  system  of,  and  account  of 
the  lower  division,  7JL 

 great  central  basin  of  the  carboniferous  system  of,  12. 

•    -  -■  white  Moscow  limestone  of  the  carboniferous  period  in. 
SL 

,  upper  division  of  the  carboniferous  rocks  of  Fiasuliaa 
limestone,  stt* 

— ,  carboniferous  region  between  the  Dnieper  and  the  Don 
in,  88  ef  see. 

 ,  axis  of  the  south  granitic  and  crystalline  rocks  of  the 

district  between  the  Dnieper  and  the  Hon  in,  LfiL 
 .  relation  of  the  anthracite  to  the  bituminous  coal  in,  MP 
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RtiMia,  coal-Acids  in  the  northern  tracts  of,  lftt. 

 ,  itrtU  overlying  the  carboniferous  rocks  of.  111, 

,  note  concerning  M.  Anatole  DemidoflTs  work  mi  lh«  ' 

southern  part  of  this  conntry,  and  of  M.  lr  Play's  volume 

on  the  carboniferous  region  uf  Ihe  Donetz  in,  1 : " ,' 
 ,  carboniferous  rocks  on  the  western  flanks  of  the  Ural 

mountains  of,  121  tt  sec. 
 ,  srneral  remarks  on  the  fauna  of  the  rarboniferonl  sjr- 

stem  of,  1.12. 

,  description  of  the  rocks  of  the  Permian  system  in,  HI  j 
tt  see. 

 ,  eastern  limits  of  the  Permian  system  in.  III. 

 .  zone  of  magneaiau  limestone  In  the  Permian  svstem  of,  ' 

lit. 

,  origin  of  the  Permian  copper  sands  and  marls  of,  lfiS. 

 ,  Permian  rocks  on  the  north  of  the  riven  Ovinia  and 

Pinega  In,  Hi  tt  «»</. 

 ,  acciHint  of  the  salt  mines  in  the  rock-salt  (Permian)  at 

Illctzkaya-Zastrhita  in  the  steppes  of  the  Kirghiz,  i  hi 

 ,  account  of  the  freeiing  cavern  in  tlie  Permian  rock*  of 

Illcukaya-ZastehiU,  Ittfi.  197. 

 ,  account  of  the  rocks  nf  Mount  Itogdo  in,  WX 

 review  of  the  Permian  /ossils  found  in,  'M;i 

 ,  account  of  the  Jurassic  system  nf,  2211  tt  try. 

.  Jurassic  basin  of  the  middle  Volga  in,  231. 

 ,  Jurassic  basin  of  the  Oka  in,  2XL 

 ,  Jurassic  strata  around  Moscow  in,  23si. 

 ,  great  Jurassic  basin  of  the  lower  Volga,  Ac.  in,  213. 

 ,  casters  tract  of  Jurassic  rocks  in,  212. 

,  upper  Jurassic  group  in  the  southern  districts  of,  -Is. 
■         general  conclusion  with  regard  to  the  Jurassic  rocks  of 
this  country,  and  their  European  equivalents,  iiH  et  see. 

 ,  cretaceous  system  of,  252  ef  sec. 

 ,  chalk  of  the'Donctz  in,  ilii. 

■  ■  ,  cretaceous  rocks  of  the  Don  in,  2ZJL 
— ,  chalk  on  the  banks  of  the  Ural  nver  in.  222, 

i  relations  of  the  cretaceous  to  the  tcnisry  strata  in,  277. 

,  tertiary  deposits  of,  S41  tt  $tj. 
— — ,  distribution  and  subdivision  of  the  tertiary  deposits  of, 

aa 

 ,  eocene  or  older  tertiariei  of,  -JUL 

— — ,  middle  or  miocene  tertiaries  of,  2SHL 

,  miocene  deposits  in  the  southern  dislrirts  of,  2UX 

 ,  Araln-Casplan  or  step|>e  limestone  of,  297. 

 ,  notice  concerning  the  northern  extension  of  a  former  J 

Caspian  sea  in,  3SJL 

 ,  t ral  mountains  of,  331  tt  itj.  See  also  I'rat  V<mn!amt.  ) 

 ,  map  of,  referred  to,  Hi 

— —  in  Europe,  fossil  quadrupeds  of,  SHU. 

— — ,  Scandinavian  drift  and  erratic  hlnrks  in,  SHI  ef  aey . 

,  absence  of  drift  in  certain  north  nnd  soirlh  zones  of.  alii. 

 ,  farmer  submarine  condition  of,  S31L 

 ,  account  of  the  black  earth  or  /rAefiterent  of  the  central 

and  southern  tracts  of.  iiZ  tt  *y. 

 ia  Europe,  modern  changes  in  the  surface  of,  JUJa. 

 ,  elevated  fluvial  lie  ridges  of  angular  blocks  in,  5SI1L 

— — ,  recent  elevation  of  great  part  of,  o6SL 

,  modern  ravines  or  '  avrachs'  of,  UiL 

 ,  modern  estuary  plueuomena  in,  explanatory  of  Ihe  former 

origin  of  coal,  MP 
 ,  state  of  the  surface  of,  during  spring  floods,  522. 

,  resume  and  conclusion  concerning  the  geology  of.  522 
ef  sec- 

 ,  description  of  some  characteristic  palaeozoic  corals  of, 

by  Mr.  Unsdale,  S2L 
Russian  Lapland,  the  Timau  range  parallel  to  the  north-e*>t 

coast  of,  sl-t 

Sahi.snsa.  carbonaceous  character  of  (be  bituminous  schist 
on  the,  2H*. 

Sahtiu  (Arctic  Ural),  Mount,  trappean  rocks  of.  111. 
Sadonak,  or  Zadonsk,  on  the  Don,  Devonian  fossils  in  hillocks 
at.  fiL 


Sakalnsfkir.  on  the  Volga,  section  of  Jurassic  rocks  at,  2  Ifi 
Sakmara  or  Sakmarka  river  (South  I 'ral),  fossihferous  carbo- 
niferous limestone  extends  Id,  181. 
——,  magneaiau  limestone  near  the  mouth  of,  14*. 

,  anticlinal  axis  in  the  valley  of,  IIS 
.  ,  boss  of  serpentine  at,  152, 

 .  the  rocks  of  this  riser  prolonged  to  tlse  Silurian 

scries  of  the  Kraka  bills,  iilL 
Saksomsk  (nest  flank  of  North  I'ral),  dolomitic  limestone  neat, 
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Salaouch,  east  of  Kazan,  dislocations  of  Permian  sandstone  awl 
grits  at,  ULL 

Saliferous  rocks  and  overlying  limestones  of  the  southern 

steppes,  122. 
Saline  lakes,  source  of  the  salt  of,  112. 

Salomi  I  take  Onega),  striated  and  polished  rocks  near  the  has 

of,  114. 

Salt,  source  of,  in  Devonian  rocks,  15;  Permian  rocks.  Hi ;  in 

tertiary  deposits,  Ml. 
— ,  presence  of,  no  indication  of  geological  age.  UJL 
• — ,  springs  of,  in  tbc  Permian  rocks,  li£.  LIS,  USli.  LtHL 

 ,  he«ls  of,  in  I  lie  Permian  rocks,  183. 

 ,  account  of  the  works  at  Illetzkaya-Zastehita,  ULL 

  of  the  steppe  of  Astrakhan,  originof  and  age  of.  IWj.^h 

— ~,  age  of  tbc  deposit*  of.  at  VVielirxka,  2IIU. 

Salter.  Mr.,  fossils  named  by  him,  12. 

Saltnest  of  the  Caspian  sea  slight.  308,  323. 

Samara  (Lower  Volga),  cliffs  of  Puaulina  limestone  near.  86- 

 ,  red  conglomerate  (Permian)  between  tint  cilv  and 

Orenburg.  UO. 

 ,  niaguesian  limestone  (Permian)  at,  lis* 

 ,  copper  ores  anciently  extended  to  the  neighbourhood 

of,  jiL 

Samnyedes  occupy  the  Pctchora  country,  Preface,  xiii-340.  4  lis. 

 ,  their  superstitions  respecting  the  mammoth,  aUL 

Sands,  sandy  marls  and  sandstones,  common  beds  among  the 
Jurassic  rock  of  Russia,  'ILL 

Sandstone  and  sand.  (Silurian)  of  North  America.  i. 

 — —  quarUnse,  of  Kinnckullc  (Swe- 
den), IS. 

 of   Sweden,    the  lowest  beils 

formed  out  of  the  ancient  crystalline  rocks,  17*. 

 ,  I  ngulite  grit  of  St.  Petersburg, 

tt. 

 of  Russia,  1L 12. 

  (Devonian)  of  the  Timan  range,  411 

 of  Akri-tau.  in  the  Ural,  ti'.n 

  (old  ml),  condition  of,  in  the  north  of  England,  Z. 

 of  Christiaaia.  12, 

  (catlKiniferoiis)  of  Russia,  22.  82,  'J2,  ULL 

 of  the  I'ral,  la;,       357,  410. 

«  of  the  Timan  runtje.  I 1  t 

  (Permian)  of  Russia,        168,  21SL 

 (Jurassic)  of  Russia,  2M,  23o>/  «ey  ,  2JjL  JM.  2ii 

■  (cretaceous)  of  Russia.  271.  Hi. 

 (tertiary)  uf  Russia.  276.  287,  2U2.  3'Jtt,  313.  .'UK.  331. 

Sarana,  carlionifcrous  limestone  at  the  /.avisd  of,  1 

Sara  go  la  Hills,  siliceous  ImmIs  containing  Jurassic  fossils  at,  s?47 

Sariitof,  Jurassic  basin  in  the  government  of,  213. 

— — ,  concretions  of  argillaceous  limestone  at,  215. 

 ,  Jurassic  rocks  in  the  cliffs  of  lite  Volga  at,  2ilL 

 .  Idark  J  uraasir  shale  of  Syaran  extends  to,  OIL 

 ,  cretaceous  beds  at,  22L 

 ,  lower  tertiary  beds  oo  the  banks  of  the  lower  Volga 

near,  WL 

Sarrpta,  on  the  Sarpa,  hilly  steppes  between  this  place  and  Ihe 

Don  of  tertiary  origin,  22H. 
 ,  position  of  the  steppe  limestone  and  subordinate 

sandstones  at,  3UU- 

 ,  concretions  of  sand  in  tlse  tertiary  rocks  near.  .117. 

Sarpa,  concretions  of  sand  at  San-pta.  on  Ihe,  SI 7 

Sartana,  on  the  Kaimiuas,  dykes  of  crystalline  rock  between 

Karakuba  and,  31 
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Satkintk,  war  Zlataiitt  (Ural),  zavod  of,  iiSL 

 ,  lower  Silurian  rock*  between  Silk.it  and,  432, 

Saurians,  remains  of,  in  the  Permian  rocks,  154. 

 .  those  found  in  the  Kuuian  Permian  strata  not  in  the  | 

■ante  geological  poaition  as  those  of  Euro|K,  ILL 
■,  vertebra  of,  found  on  the  Sisola  and  Yislnga,  117. 

 ,  in  the  Juraatic  rock*  of  Russia,  SMB.  ILL 

Sauaturc,  M.  de.  hia  view  of  tlie  cause  of  the  increment  of 

glaciers,  5IIH,  50». 
Saxony,  cretaceous  system  of,  261. 

Scandinavia,  importance  of  a  geological  survey  of.  hefore  com. 

pleting  an  account  of  the  geology  nf  Russia,  siii. 

 ,  Silurian  rocka  of,  111  el  «ry. 

 ,  .Inif  rorkt  of,  meaning  of  tlie  term,  lit*. 

 ,  relation!  of  the  Silurian  fossils  of,  LSL 

1  — — ,  occaaional  resemblance  of  the  rocks  of,  to  those  nf 

the  Timan  range,  113. 
 ,  drift  and  erratic  Mocks  from,  spread  over  Germany 

and  Russia,  jUZ  rl  try. 

■  ,  excenlric  distribution  of  the  drift  from,  337.  54H. 

—  ,  prohalnlitv  thai  icebergs  mar  formerly  hate  rl>u,i<il 

from  the  highest  region*  of  this  country  and  Lapland,  ■'■■'I*. 
  ,  difficulty  of  explaining  the  surface  plittiionicna  of, 

Mi 

,  Ilrili-li  analogies  to  phamomcna  in,  212L 

,  view*  of  authors  who  hate  written  on  the  subject 

uf  transported  drift  in  that  country, 
Sear  limes  tone,  its  representative  in  Smith  Russia,  IsL 
 ■  ,  its  resemblance  to  the  carboniferous  limestones 

on  the  west  flank  of  the  Ural,  LU. 
Schaalstein,  rocks  at  Xlaninlskaya,  on  the  Issctx  and  on  the 

Kakva,  resembling  that  rock  in  Germany,  363.  iltL 
 ,  copper  ore  between  this  rock  and  SUurian  line. 

■lories,  .i/.i. 

 .  a  rock  resembling  this  on  the  eastern  aide  of  the 

L'ral,  between  that  range  ami  Troitsk,  441.  442. 

Scruutozcrtkara,  shelly  sea-bottoms  observed  on  the  banks  of 
the  Dwina,  opposite, 

ScliiaU  (Silurian)  uf  Spain,  4*j  of  Sweden,  IS*. 

 of  Russia.  3U,  iU_  Ac. 

 (Devonian)  of  the  Usetz.  3C1. 

■  ■■—  —  (cariKiniferuus),  111.  l£l  ft  *ee. 

 of  the  Bielaya  riser,  their  picturesque  beautv.  I.'iS. 

 (metamoruluc)  of  the  Ural,  3i6,  MU,  OtK^       UiK.  OJ, 

416,  153.  iSL   Sec  Jupert. 

 — — —  of  the  Timan  range,  41:i,  UU1 

Srhlotheim.  XI..  bis  list  of  specie*  of  fossils  iu  the  zechalcin  of 
Germany,  iLL 

Schidtz,  XI.,  his  aersicea  to  the  authors,  'M-2. 

Scotland,  identity  of  the  old  red  sandstone  of.  Kith  the  grey, 
waeke  and  old  limestone  of  Devonshire  and  the  Klicnitli 
Provinces,  ix.,  L 

.  identity  of  the  tithes  from  the  old  red  saiuhtoue  of 
with  dune  from  tlsc  Russian  Devonian  strata.  Hli_ 

Sratovaitova  (Donetz).  section  of  carboniferous  rocks  at,  lit*. 

Scratched  and  polished  rocka  no  proof  uf  glacial  action  delu- 
sively, &£2* 

Seams  of  coal,  number  i>f,  worked  in  the  mines  of  the  Donetz 

coal-field,  1*6,  DM,  Wj  to  LLL 
Secondary  rocks  of  Russia.  K,  £01  to  SM. 
Sedgwick.  Prof.,  his  labours  in  the  establishment  of  palicozuic 

claaaincatiuo,  viL,  JL 
 ,  hia  subdivisions  and  Illustration  of  tlie  mag- 

nesian  limestone  series  in  England.  JUL. 
 ,  his  list  of  fossils  of  the  English  magnesia n  j 

limestone, 

 ,  bis  researches  with  XIr.  Murchison  In  England, 

the  Rhenish  provinces,  the  Alpa,  Ac,  LL  2±  12fL 
Sedimentary  origin  of  the  North  I  nil,  iii.'i.  i.'IH 
Sefstrbm,  Prof ,  hia  theory  of  the  northern  drift,  .illlS 

 ,  hii  ohservatlona  on  the  Swedish  o«ar,  ill 

 ,  hit  theory  of  the  transport  of  boulders,  &5&. 

Selburg  (Livonia),  cattle  of,  Devonian  strata  exhibited  at,  ii- 


Seleuk,  stream  near  Strrlilamek.  leetinn  of  Permian  ttrata,  UuX 
Semi|Kilatnoi.  on  the  l  ira,  range  of  the  chalk  reaches  to,  2££, 
Scrbaifsk  (Cosaatchi-daictu),  Devonian  (?)  schistose  rocks  and 

carboniferous  limestone  near  thii  hill,  4.TJ 
Serrhrianka  river  (North  Ural),  Devonian  limeatone  on  tlie. 

Stile/ ree. 

 ,  relations  of  Silurian  and  Devonian  strata  on  the, 

am. 

ScrrhrUnik.  structure  of  tlie  country  between  thii  zavod  and 

the  Tchussusaya,  oKt. 
Scrglcfsk,  biagucslan  and  gypseous  cliff*  near  the  baths  of,  JJLZ. 
— — —  (see  Nijny  Sergiefsk,  North  l'ral),  dolomites  in  the 

line  of1  the  igneous  eruption  from  this  place  to  Bissersk, 

■1X3. 

Serpentine,  bosses  of,  at  Ekaterinburg,  ML.  (For  occurrence 
of  in  the  l'ral  mountains,  see  Xltp,  PI.  VII.) 

 ,  ibis  rock  with  hornblendic  ami  cbLoritic  schuls 

abounds  in  the  auriferous  zone,  434,  4.15. 

 ,  associated  with  dialUge  in  Listvanara-gora  (South 

Ural),  135- 

Serpuchof,  or  Serpukhof,  on  the  Oka.  sequence  of  tlie  carboni- 
ferous rocks  at,  HI ;  fossils  of,  SO.  tLL 

StTjmh  omphalulrt,  the  occurrence  of  this  fossil  in  the  Devo- 
nian rocks  of  Russia.  13  ft  fee. 

Sevastopol,  XI.  Iluoi's  conclusions  from  the  tertiary  fostilt  found 
at  this  |dace  not  agreed  to  by  the  authors,  -ti'.'t 

Shablish,  brackish  lake  of,  east  of  the  Ural,  l£L 

Shaft,  section  of  the  coal  workings  of  litsitchia-Ilalka,  III. 

Sltale  (Silurian)  of  Norway,  1^  12*.  lfi. 

 ,  blue,  found  at  St.  Petersburg,  Zi, 

 ,  beds  of,  overlying  the  upper  limestone  of  the  carbonife- 
rous series  of  Russia,  Hi. 

 ,  red  argillaceous,  called  '  leter  /Am,'  of  the  Permian 

aeries.  123. 

— ,  certain  rocks  of  this  kind  characteristic  of  the  secondary 

rocks  of  Russia,  23U. 

 ,  black,  between  Pies  and  Kineshma,  233. 

 ,  pyritous,  characteristic  of  the  Jurassic  rocks  of  Russia, 

ILL 

  (Jurassic),  in  the  clirTa  of  Sysran,  Jifi, 

 ,  between  the  trctic  Ural  and  the  Timan,  ILL 

Sharp' .  XIr.  D.,  his  investigations  in  Cumberland  and  West- 
moreland, 2*. 

Shelly  sands  (miocene)  of  the  Upper  Vistula,  2BJ- 

 sea-bottoms  in  Northern  Russia,  3±7. 

Shidrova,  on  the  Dwina,  limestone  (Permian)  exposed  at,  171 

 ,  a  I  'yrrV.cerw  found  there,  21U. 

Suurau,  on  the  Kama,  cream-coloured  anil  >|»ottMl  marly  lime- 
stone (Permian)  of,  with  Pradarlu*  I'mcriM,  Iffii^ 

Sia'v  river,  Ungul'te  grit  re]K>sing  ou  blue  shale  near,  if/*. 
.  geologvcal  succettion  on  the,  alL 

Silseria,  fl^t  country  of,  teen  from  Xtount  Sngnaiac,  lithographic 
sketch  of.  125,  tuX 

— — ,  granitic  rocks  of,  posterior  to  the  pabeozoic,  312. 

 ,  fossiliferout  rocks  teen  in,  3113. 

— — ,  presence  of  pahruioic.  rocks  in  the  plateaux  of,  i£L 

 »  each  ridge  in  tbr  steppes  of.  a  miniature  representation 

of  the  Ural  chain,  U3, 

 ,  Ural  mountains  formed  the  western  edge  of  the  old 

continent  of,  ill  tt  are.,  HL  Sii- 

 ,  abundance  of  the  remaiut  of  Urge  mamuiab  in,  iSUu 

,  causes  of  the  refrigeration  of,  1117. 
,  entire  absence  of  erratic  blocks  in,  aud  in  tlie  Ural 
mountains,  AAA. 

 ,  difficulty  of  accounting  for  tlie  trhvntnzrm  or  black 

earth  found  in,  M3. 

Siliceous  matter  in  the  lower  carboniferous  teres  of  Russia,  Z2. 

a 

  grit*  from  the  upper  member  of  the  Jurassic  rocks 

around  Xloseow,  235.  2A&  tt  see. 
— — —  beds  containing  Juraatic  fossils,  21Z. 
 and  argillaceous  masses  representing  the  cretaceous 

rocks  in  the  governments  of  Kharkof  and  Kursk,  *HL 


R94 


INDEX. 


Silicified  trees  found  in  th«  sands  around  Veliki  I'sliug,  177. 
Siljntruiu.  M„  and  M.  Buhtlingk,  their  remarks  on  the  form  of 

mounds  of  detritus  in  Scandinavia,  ■*'■"'■"' 
Silkia,  a  ridgr  nf  quartz  rock  south-west  of  Zlalaiist,  12SL 
 ,  lower  Silurian  rock*  between  tin*  ridgr  and  Satkinak, 

Silurian  eravel  nf  Germany  derived  from  Sweden,  544. 

  rocks  of  Scandinavia,  1U. 

 ,  lower,  of  Norway,  11*. 

,  succession  from  lower  to  upper,  in  Norway,  12*. 
— — — —  affected  by  eruptive  rocks  in  Norway,  LL 

 of  Sweden,  Li  ft  1*7. 

■■  (upper)  nf  Gothland,  LH. 

 of  Russia,  211  e/  ley. 

 ,  those  on  tlie  Lappish  frontier  greatly 

metamorphosed,  23L 
 of  the  llnllic  provinces  and  St.  Peters- 

hnrg  (all  lower  Silurian),  25.  rl  ttq. 

 found  In  Esthonia,  33*. 

—  (upper)  in  Oescl  ami  Digo,  32. 

 ,  orcanir  remains  found  in  them,  341. 

 of  the  North  l  nsl,3^a?U.3IMiauij  tl  try.,  40*^ 

■m 

 ,  their  relation  with  Devonian 

strata  on  the  Srrebrianka,  384. 
 — ■  —  undistorhed  on  the  hunks  of  the 

river  It,  3U1. 

— — — — —  with  Devonian  rocks  at  Bogoa- 

lufsk  and  on  the  Kakva,  102. 

 of  the  Arctic  liral,  4U3,  iOIL 

  — —  of  the  'J'iman  range,  413. 

—  of  the  South  L  ml  on  its  western  flanks,  42!'  430. 

432.  456,  43!>.  Ifflt 

 form  the  chief  crystalline  avis  of  the  Ural,  Hill 

Silurian  system,  first  cstulilishiuenl  of,  by  Mr.  Murchison,  ti.,  L 

.   scarcely  representee!  by  fosaili  in  Belgium,  the 

Rhenish  provinces  and  the  Hart*.  IL 
 ,  nlisence  of,  through  large  mounUin  districts 

in  Germany,  -t* 

 in  full  force  at  Prague.  3*. 

 ,  its  extent  and  distribution  in  France.  1;  in 

Spain,  4*  1  hi  North  America,  1' :  in  South  America,  ILL 

in  Africa  and  in  Australia,       iu  Scandinavia  and  in  Rus- 

sla.  ^  Hi  to  3HL 
 ,  it»  dismembered  and  peculiar  state  in  the  I'iml 

mountains,  33U  to  iiu, 
 ,  rrsruihlaure  of  that  exhibited  In  Northern 

Europe  generally  to  that  of  England,  580. 
Siinbimk.  dill's  of  Fmulina  limestone  to  the  south  of,  BJL 

 ,  Jurassic  basin  in  the  government  of,  213, 

— —  ,  Jurassic  beds  emerge  from  beneath  the  chalk  in  the 

valley  of  the  Volga  at,  214. 

 ,  cretaceous  bed*  of,  223,    Sec  Jatiinff. 

 ,  eocene  tertiarics  of,  2H3.  Jfl2» 

Simsk  (Smith  I'ral),  zavod  of,  13L 

Smara  f south-east  of  Ekaterinburg),  gypsum  on  the  right  bank 

of,  122. 
SipbmophylUa.    See  Vaninia. 

Siro,  Balika,  ike.,  section*  of  lower  Permian  rocks  near  these 
rivers,  Ui. 

Sirga  river,  iron-works  of  Nijny  Serginsk.  on  the,  XM. 
Sisola,  Jurassic  rockt  on  the  hanks  of,  ILL 
Skars  or  Skors,  rocky  isles  in  Sweden,  description  of,  213. 
 >  prubahle  origin  of,  55iL 

Skeleton,  of  large  mammals,  their  broken  condition  in  the 
Ural,  131. 

1  found  frozen  in  Siberia,  lili. 

Slaboka,  white  chalk  on  the. 

Slaty  granitic  rocks  tlse  fundamental  basis  of  the  carlHiniferoas 

system  in  the  Douctz  country,  B2. 
Slavenka, '  trainee '  of  brock*  on  the  slope  of  a  hill  near  the,  312. 
Smeof,  near  Tchistopol,  section  of  Permian  strata  at,  lfij. 
Smirnoff,  Captain,  hii  assistance,  1JJL 


[  Smith.  Mr.  (of  Jordan  Hill),  his  opinion  concerning  the  shells 
found  iu  the  Dwina  and  Vaga  deposits,  313. 
Smolinu,  on  the  Isscu,  greenstone  and  graystone  at.  363, 
Snirfka,  on  the  Krinka,  outcrop  of  bad  coal  at,  HQ. 
Snowrion,  sliells  found  in  the  Arctic  I'ral  like  those  of.  4lis 
Siiowdauian  slates,  age  of,  3. 
S  »l  of  Russia  rapidly  washed  away,  5*2. 
Soil,  cold  and  unfavourable,  on  the  blue  clay  of  St.  Petersburg, 

iL 

— ,  productive,  the  black  earth  of  Russia,  SSB 
j  So  Hiatiutsk,  zavod  of,  12jL 

 ,  gold  alluvia  with  mammoth  !>one»  at,  487. 

S:iiva  ( I'etrhora),  outline  of  carboniferous  limestone  on  the.  1 15 
ink.  escarpments  of  magnrsian  limestone  on  the  bank*  of  the, 
157. 

Solikamsk,  sequence  of  I'rnnian  rocks  at,  113. 
Solinian,  Mount,  west  of  Yumocnsk,  Devonian  limestone  of, 
430. 

Solimeiiski-kamen,  description  of,  bv  M.  Engelmann,  referred  to, 

B* 

 ,  breccia  resembling  this  rock  in  the  Arctic 

I'ral,  ILL 

 ,  direction  of  the  drift  from,  527. 

I  Sohveisk  monastery  ou  isle  of  the  White  Sea,  crystalline  rocks 
of,  232. 

■  Sopliusa  (near  the  Petchnra),  whetstone  bed  (carboniferous) 
from  the,  410. 

Sosva  river,  |>aU-ozoie  deposits  on,  3!H>, 

!   ,  upper  Silurian  rocks  at,  I'M 

1   South  I'ral.    See  (  ral  Mountain: 

Southern  steppes,  crystalline  rocks  of,  91. 

Sowerhy.  Mr.  James,  fosuls  described  by,  lie/ /maim. 

Spain,  Silurian  rocks  of,  in  the  Asturiai,  4. 

S|uirrow  hills  (Moscow),  section  on  the  Moskvra  near,  23Z. 
1  Spask.  environs  of,  the  northern  limit  of  the  basin  of  Bulgar, 

Spatkaya  (South  I'ral),  gray  limestone  of,  111. 
XfiAoro.-iitr',  account  of,  3aV 
:  —   found  in  lower  Silurian  lime-tone  at  Freherga 

(Sweden),  1& 

.  Spin/rr  /yisr,  widely  diffused  lower  Silurian  type,  5, 28. 
S/iir$/m  with  numerous  simple  plait*  characterize  Devonian 
strata.  63. 

Sfiirifer  Motptemit,  charart eristic  of  the  central  carboniferous 

limestone  of  Russia,  7'i,  s»,  til  n  ref ..  414  MO 
 ,  the  fnwil  fon  ml  throughout  the  coal-hearing 

series  of  Lissitchia-Ualkn,  1 10. 
 found  in  the  carboniferous  limestone  of  the 

I'ral  mountains,  1 26,  4fi0 ;  in  the  Timan  range,  414  ;  in 

the  South  I'ral,  Ilia 
fybifm.  not  many  species  in  the  Ruttian  carboniferous  ieriea, 

I  .Tl. 

Spitzliergrn,  carboniferous  limestone  found  at,  58* 

Springs  of  the  steppe  of  Astrakhan,  origin  of. 

Starai  Russa  (south  of  Ijike  llmrn),  sinking  through  the  Dcvo. 

nian  strata  at.  15- 
Starai  Ladoga,  on  the  Volkof.  I'tigidite  grit  at,  stf» 
Stchipina,  in  the  Timan  range,  carboniferous  limestone  of.  41.1. 
Steam-engines  little  used  in  working  the  Russian  coal-mines.  Hlls, 
Steeus  tiord,  Norway,  up|ier  Silnrian  flagstonea  and  tilestonc* 

at,  13. 

Stennis,  lake  of,  recently  coiivcrted  from  a  aalt-water  into  a 

freshwater  lake,  3Ui. 
Stepnaya  (South  i'ral).  granitic  knolls  at,  113, 
Steppe,  granitic,  of  Volhynia  and  Podulia,  height  of  it*  west  era 

extremity ,  2L 

Steppes,  upper,  coal-field  of  the  Donetz  occupies  the  hill*  of,  SO. 

 ,  southern,  crystal!  ne  rocks  of,  ftl . 

Steppe  limeslnnr,  or  Aralo-Caspian,  nature  of,  21>7.  223. 

1   .  aliundauce  of  fos*il  CartHxm  found  in  the,  3flL 

 ,  different  elevation*  of,  322. 

 .  general  conclusions  concerning,  593. 

Steppe  deposits  (lower)  of  the  former  Caspian,  314. 
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Steppe  (low)  of  the  Caucasus,  312. 
Sterlitamak,  carboniferous  limestone  at.  LilL 
 ,  singular  lubconiral  hilli  projecting  from  the  sur- 
face near,  L3!L 
— —  to  Ufa,  section  of  Pennlan  strata  only.  I5<>. 

.  outliers  of  carboniferous  limestone  near,  OIL 

■  ,  Motion  from  Verdi-Uralsk  to,  lil_ 

-,  carboniferous  outlier  near,  4ol. 


S'hjmaria  firwln.  its  appearance  in  the  lower  carboniferous 

l.r.l.,       78,  7JL 
...  found  in  the  lower  carboniferous  sandstones 

of  the  lionet*  coal-field,  OX. 
Stilbite  and  llculaiidile  present  in  the  basaltic  rock  of  Tchattrin- 

mis,  Hi- 
st. Lawrence,  gulf  of,  the  marine  sh'lly  deposits  there  com- 

pared  with  thme  on  the  Dwina  ami  Vaga,  331L 
Stolobna  rivulet  (above  the  Priksha),  magm-uan  limettone  (of 
the  carbomfcrout  system)  at.  12. 
'■  ,  fossils  fouud  near,  LL 
'•  Slow  Seite,"  or  worn  aide  of  the  rock*  in  Sweden  always  to 

the  north,  S15- 
Strnjrfski,  Capl.,  his  explorations  in  the  Ural.  Mil,  ilia. 
Str.uigways.tbe  Hon.  T.  LLFox,  bis  early  geological  description* 

and  maps  of  Russia  (Preface). 
 ,  bis  determination  of  the  cry- 
stalline rocka  of  North  Russia,  22. 

-,  hia  deacriptiou  of  the  strata 


around  St.  Petersburg.  1HL 

-,  his  notice  of  certain  red  beds 


near  St.  Petersburg,  32*. 


hisdescriptioiiof  the  eroded  sur- 
face of  the  sandstones  underlying  the  steppe  limestone,  31HL 
■  ,  bis  memoir  on  the  geology  of 


fie  lower  steppes,  and  his  new  of  the  desiccation  of  the 
C  aspian,  315,  576. 

-,  lab)  account  of  the  drift  near 


St.  Petersburg-,  ili 

  ,  ,  hit  observation*  on  the  black 

rati  1 1  of  Russia.  iHL 

 ,  his  remark*  on  the  subject  of 


mud  volcanoes,  olfL 
Stratiried  igneous  rock* of  the  North  Ural  and  Katchkannr,  3  tin, 

3H2.  436.  Hi*. 

 granite,  Ac,  examples  of,  424.  liil 

Slrrlilamak.    See  Sirrliiamat. 

Strelna  and  Suchona  risen,  vertical  cliffs  of,  178. 

Stnatcd  and  scratched  surfaces  of  rocks  in  Russia.  Norway  and 

Sweden,  jJil ;  in  Scotland  and  England,  &51L 
Striatum  and  polish  of  rocks  in  Ireland,  ill  ef  aey.,  US. 

 of  rorks  generally  due  to  subaqueous  action,  iii 

Strike,  prevailing,  uf  the  rocks  in  the  arctic  Ural,  1115- 
Stri«\  ahsi-oce  of.  on  the  face  of  Mount  Sahliii,  112- 

 ,  direction  of  the  rocks  in  Norway,  514. 

 ,  normal  direction  of.  In  Sweden,  eccentric,  548. 

Strogonolf,  xarad  belunging  to  the  family  of.  122: 
Slrmuilapora  eoiteeufViee,  description  of,  iLUL 
Stramttdrt  i  description  of  this  genua  of  corals,  till. 
Structure,  laminated,  of  granite  at  Stepnaya,  113. 
Structure  of  the  Ural,  general  ennrlusioiia  concerning  the. 
Strove,  hia  Iriangulation  of  Livonia  and  heights  furnished  by, 

21.567. 

Strzelecki,  M.,  hia  travels  in  Australia  and  work  referred  to,  IB. 
Stvr,  terliariea  on  the  banks  of  the,  2H3.   See  Eiehmld. 
Slyria,  tertiary  oolite*  of,  reaembllng  those  found  in  the  south 

of  Russia,  Z5,m. 
Submergence,  ancient,  of  the  ditaricts  now  covered  by  the 

northern  drift,  52ri 
Succession  of  Silurian,  Devonian  and  carboniferous  strata  well 

explained  in  the  northern  provinces  of  Russia,  3a*  to  82L 
 of  carboniferous  strata  in  the  south-eastern  portion 

of  the  Uoneti  coal-field,  103,  LLL 
Suchona.  Permian  limestones  seen  la  the  •scent  of,  from  Ustiug 

to  Vologda,  17?. 


Suchona,  section  nf  strata  exhibited  in  (he  hanks  of,  178. 
I  Suda  river,  carboniferous  limestone  on  the  banks  of,  73. 
Suibie  in  the  Crima-a,  fortress  of.  its  walls  built  of  stones  con- 
taining recent  sea  shells,  57fi. 
Sugomae,  Mount,  South  Ural  viewed  from,  125. 
Sulphur  deposits  near  the  baths  of  Sergiefsk  and  on  the  Sok, 

LM 

 of  Russia  shown  to  be  of  the  Permian  period, 

ISO 

I  Sulphur,  its  origin  in  Russian  Permian  rorks  explained,  1Z1L 
;   Sulphuretted  hvdmgen,  abundance  of,  on  the  banks  of  Sergiefsk. 

LS2. 

t  present  also  in  the  mineral  waters  uf 

Nijny  Sergiusk,  322. 
Sura  river,  Jurassic  lseds  past  beneath  the  chalk  at.  2li 
 ,  concretions  of  impure  argillaceous  limestune  (Jurassic) 

between  thit  river  and  the  Plana,  211. 
Suvoinov,  Cape  (Tirnan).  formed  of  carboniferous  limestone.  Hi. 
Sveti-aot,  Cape  (Timanl,  formed  uf  carboniferous  limestune.  ILL 
Sviaga,  cliffs  of  white  limestone  (Permian)  on  the,  lu*2- 
Sviask.  white  limestone  (Pennian)  on  the  Sviaga  near,  iw 
 ,  section  of  cliffs  near.  LSI. 

 and  Teheboksar,  tufaceous  limestone  between,  LS1L 

Sviatagora,  on  the  Donetr,  Jurassic  rocks  at,  25JX 
Svir,  river,  headland  of  syenitic  greenstone  on  the  left  bank  of, 
23,12. 

,  trainee  of  northern  blocks  near  the,  -< '  -< 
Swagba,  on  the  Isaetz,  limestone  and  schist  of  (Devonian),  3&L 
Sweden,  Silurian  rocks  of,  Li!  rt  tr*. 

 ,  striatinn,  drift  and  oaar  of,  513.  ef  try. 

— ,  Skara  or  Skors  of.  described,  212  ef  are. 

,  probable  formation  and  age  of  the  Sknrs  "f.  iili 
Syenite  and  syenitic  dykes  of  Verkhottirie  on  the  Jura  (Ural:. 

Syenitic  greenstone,  headland  of,  12;  dykes  near  Karakuba,  itL 

 rock  s,  distinction  between  these  and  granitic  rorks, 112. 

 passes  into  granite  at  Karagni'k,  -113. 

Sylva,  Dabka,  Ac,  sections  of  Pennian  rucks  near  these  rivers. 
U2. 

Syringopora  rllnttint  (Httrmoditet  dittum  of  Fisslicr),  descrip- 
tion of, 

— — —— —  fiaratlrh,  description  of.  3JLL 

Syrostan,  near  Mlask,  granite  penetrating  mica  schist  at,  131. 

Svrtlnskavg  (South  Ural),  carboniferous  limestone  between 

Ki/.ilsk  and.  lii 
Srsran  (Lower  Volga),  Pnsulini  limettone  covered  bv  Jurassic 

.bale.  >J_  2JJL 

 ,  Jurassic  rocks  near,  high  position  of,  215. 

 and  Volsk,  on  the  Volga,  ancient  extension  of  the  Caspian 

10,324. 

Tabular  list  of  nil  the  Russian  deposits.  (See  Map,  Platr  VI.) 

 list  of  the  fossils  of  the  Permian  system  In  Europe,  221. 

"Taconic"  (North  American)  system  of  Dr.  Emmons  referred 
to,  a*. 

Ttgaiisi  mountain  (South  Ural),  account  of  raetantorphlc  pbar- 
nomcna  of,  422,  133  ;  sketch  of,  428.  S&i. 

Taganrog  (sea  of  Aiof),  Miocene  tertiaries  of  South  Russia  ex- 
tend to,  w.i 

 — ,  section  of  the  tertiary  nicks  in  the  cliffs  of,  29fi,  2ay_ 

,  mammoth  clay  drift  at,  51*2, 

,  silting  up  of  the  sea  of  Arof  near  this  port  since  the 
time  of  the  Empress  Catharine,  UX 

Taischoffski  ravod,  fine  section  of  magnetlan  limestone  i  Per- 
mian) exposed  at,  lftO. 

Talc  schists  in  the  Ural  mountains,  3U11.  rt  fij. 

Talc  schist,  fmailifcmiis  beds  passing  into,  on  the  Yegra-laga 
(Arctic  Ural),  lltd. 

Talitxa,  near  Ekaterinburg,  greenstone  at,  SffiL 

Tambof,  Jurassic  rockt  In  the  government  of,  213. 

Tarnaii,  cliffs  of,  referred  to  the  steppe  limettone,  3HL 

 ,  remains  of  a  herbsvoroiui  Cetacean  found  at. 


3UJL    l  See  llraiidt.: 


f.Qfi 


INDEX. 


Tamrn.  cliffs  of,  identity  of  beds  found  there  those  of 

Knmiiurb  Hutun  i  l  riiiip  i,  .'Ki.l, 

Tanalsak  (South  I'nil),  Jurassic  Ik-iU  bI,  ilML 

Tauthi-Daria  the  ancient  Oronlesl,  iu  stream  artiliciall*  de- 
flected. H2L 

Tamsn,  <iti  tin;  Oka,  fossil*  in  the  limestones  of,  2SL 

T.i- lik-  turpii!  rivulet  near  Miask,  most  of  the  large  lumps  of 

gold  of  the  Cral  on  the  ancient  banks  of  thin  stream,  II"1. 
Tatnrnva.  on  the  Moskva,  extensive  quarries  of  Moscow  mill- 
stone irrit  anil  siliceous  irrit  m.iLLL 
Tatchilnoi  Cora,  near  the  Yitlanka  riter,  fossiliferous  siliceous 

grit  in  the  ridge  of,  217. 
Tatra  mountnins  i  Poland  :  ,  Carpathian  sandstone  of,  I 
 — —  ,  identical  in  genlog'.cal  constitution  with  tl.e 

Austrian  Alps,  £64.  B'K 
Trhaitr.in.mis  (Timan  ran^r,.  eruptive  rocks  of.  Hi 
TchrUiktar  ami  Sviask,  on  the  banks  of  the  Volga,  tufacrous 

limestone  between,  LbLL 

 ,  on  tin*  Volea.  section  of  Permian  ml  inarU  at,  1HI. 

T'-'ictTkine,  Lieut..(ieneral,  the  cordial  assistance  afforded  hjr 

him  to  the  author*.   (Preface  ef  ;«um.) 
  ,  hit  efforts  in  the  coal-field  of  the 

Doner./.,  1112  rl  try. 
—  ,  his  elear  instructions  to  different 

«asniN.9at  UH.35H. 
  —  .  fossils  named  after  him.  (See  .%'«■- 

fihia  Tchrffkiui.  %ol.  ii.  p.  863.) 
Teheketau,  nulls  ing  su'iconical  hill  of  carboniferous  limestone 

nrar  Stcrhtamak,  1 30.  4ill ;  Permian  bids  of  gypsum  at, 

US. 

Tclicrditisk,  on  the  Dscu.  Drvnm  .n  limestone  at,  301. 
Trheretneliaio  riser,  m  ir  Srrgiefsk,  Lmyulte  found  near  Kiev. 

lina  in  the  valley  of,  I  "> " 
Tcheremtsal  (vent  flank  of  the  Cral).  altered  rocks  at.  :<.'■!'. 
Tchihatclitff,  M.  Pierre  dr.  hia  travels  and  important  geological 

work  on  the  Altai  mountains,  62. 
Tchtxtopnl  to  llngnroalnn,  a  lii.r  joining  these  places  is  the 

western  limit  to  the  plant-hearing  and  cupriferous  Permian 

grits  1 

Tchnl  .i  ul  Tolva  (North  I'raJ),  Oxfordian  beda  on  the  banks  of, 

ST.H1 

Tcltormizcm  or  black  earth  of  Russia,  description  of,  jii'f  rej. 

—  ,  anals  sis  and  rich  sod  of,  ijiL 

—  ,  probable  aipieous  origin  of,  5CI.  Mil.  5  S3. 

 not  the  same  as  the  Ami  of  (irrmany. 

 ,  absence  of  marine  or  freshwater  shells  in,  jOL 

—  ,  ita  occurrence  un  the  hanks  of  the  Oka,  jSL 

 —  fntind  near  the  higher  limits  of  the  Kaloiiuss,  !hX. 

  .  its  appearance  at  Hirlgorod.  2iltL 

 —  found  in  the  Southern  liasbkir  districts,  41*1 . 

Tchuibva,  on  the  Kerist,  Devonian  limestones  of  scales  of  Gfyp. 

tntlna  rrticvli.hu  found  in  the  ravinea  north  of,  42. 
Tehuida  I  South  Ural),  the  mineral  stntcture  of  this  range,  12SL 
Tchtt"ovaya  river,  carboniferous  Limestone  on  the  Isanks  of  the, 

I       flexures  of  iu  Desonian  and  carboniferous  rocks, 

MM.  Ml. 

—   ,  account  of  the  descent  of  the,  3IO.  (Sec 

sketch.  33k  BSsS-l 

  -,  pictureupie  scenery  of  the,  380. 

 ,  crystalline  rocks  between  Tcheretntsal  and.  .Lin 

 ,  structure  of  the  country  between,  and  Serebriansk, 

M). 

 ,  millstone  grit  of  this  river  repeated  in  the  Timan 

range.  J  Li.  (Ortliography  of  Tcbuaaovaya,  638.) 

Teeth  and  lioncs  of  fishes,  microscopic  examination  of,  by  lYo- 
fessnrs  (twen  and  Agaasia,  62xl^U. 

TrplutT.  Major,  his  assistance  to  the  authors,  1 10. 

Teplova,  on  the  Tiosha,  Permian  limettooea  at,  UU. 

Trrttralufa  more  abundant  in  Devonian  than  in  lower  strata, 
63. 

Terraces  in  valleys,  their  occurrence  and  explanation  of,  USL 
'  Terrain  Olfordien,'  or  Oxford  clay,  Ac,  represents  the  whole 
oolitic  and  Juraaiic  scries  in  Russia,  JIB, 


Ttrt'iiry  deposits  of  Russia.       £81  rl  try. 

  eocene  rocks  of  Russia,  general  account  of,  2fti. 

■  ,  list  of  fossils  from  Uutsdiak, 

on  the  Duic|<r,  2S0, 
  ■  of  Anlipofka,  on  the  Volga, 

 resemble  those  of  llognor.  -f»*s.t 

 mioicite  rocks  of  Russia,  salt  deposits  of  Wiehcaka.  29U. 

— —  ,  shelly  sands  of  the  I  ppci  Vis- 

tula of  this  period.  2112. 

 from  the  southern  diatricts.aijiL 

 ,  oolitic  rocks  of  this  period.  2J1L 

.  limestone  nf  Taganrog,  2tt!L 

■  Aral's-f'asp^an  or  steppe  limestone.  SilZ  e/  aey. 

 deposits  of  the  steppe  of  Astrakhan,  .llli 

 deposits  of  the  low  stcp|>e  of  the  Caucasus,  319. 

— —  post-pliocene  Iscds  in  North-Rastern  Russia,  222* 
|  grits  of  Kaltchedansk  I  Sdhrria).  2filL 

 of  Vcrkholurir  ( Silseria),  alii. 

Thecodont  saorians,  aauroid  remains  of  the  Kuasian  Permian 
strata  referred  In,  Lai- 

Tiflis.  Arala-f^aspian  strata  extend  to,  SS&. 

Tllesione,  its  position  at  the  lop  of  the  Silurian  aeries,  L3. 

 rcpicscntcd  by  a  calcareous  band  at  Oeael  and  Dago. 

Timan  range,  position  of  (Preface),  21£ 

 ,  account  of  the  geology  of,  MO,  310,  all.  401^112, 

 ,  Silurian  and  Devonian  neks  of,  41;;,  114 

— — — ,  carboniferous  limestone  and  iniiLstoue  grit  of,  111 

 ,  eruptive  rocks  of  the,  lli. 

 l'i.r:u»  the  raster  i  limit  nf  erratii  bloi  k>.  i2L 

Tiosha  (sec  Teplova),  Permian  rocks  on  the  banks  of  the,  DLL 
Tismimski,  hummocks  of  micaceous  rocks  with  ores  of  iron  in 

the  1  ral-tau  so  called.  1XL 
Tol  river  (Arctic  I'ral).  fiMsiUferous  Jurassic  lseds  at,  iiHL 
Tolks,  on  the  Jenunhach  (Estbonia*,  iiiluuuiuable  blluminuui 

achist  with  Silurian  limestones  at,  ILL. 
Tolva  and  Tcbol,  riven  in  the  North  Ural,  Oxfordian  lseds  on 

I  he  hanks  of  the.  231L 
Tnrrti  (south  of  Dachtnuth),  coal  extracted  from  the  hanks  of 

tin-,  llli. 

 ,  pniltaliilily  of  coal  mi  the  east  liaiik  of  the,  MB. 

Torrents,  the  rush  of,  formerly  sup]>o>cd  by  other  authors  to 

have  scratched  and  polished  rocks,  view  modified,  j-Li- 
Tosna  river,  near  St.  Petersburg,  position  of  Ungulite  grit  on 

the,  iZi 

 ,  section  of  Silurian  rocks  near  Nikolskaya  on  this  river, 

itti 

 ,  fossilifrrous  lirds  on  the  hanks  of,  23. 

Totiua,  sih  springs  in  the  red  di'|msits  of,  17* 

'  Trainees,'  dislribiition  of  erratic  blocks  in  this  form  near  St. 

Petersburg. 5 lit;  at  oilier  places,  S2C  rl  jmsssm. 
Transition  from  crrtncroiis  to  tertiary  rocks  may  possibly  be 

found  in  Russia,  1} J.  -'S:l 
Trees,  silicilicd,  found  in  the  sands  round  1  sting,  177. 
,  Tritixsic  rocks,  absence  of,  in  Russia,  HjiilL 

— — —  ,  always  conformable  to  the  Permian  rocks  in 

Europe,  2SLL 

Trigoniv  clarrtlata  found  In  shelly  Jurassic  beds  at  Kamrnka 

on  the  Donrt/.iiJ  ;  near  Moscow  and  Jelatma  (see  sol.  ii  ). 
Trilohites.  M.  Emmerich's  and  M.  flunneister's  work  on,  i. 
 ,  these  fossils  alsumlanl  in  the  Silurian  rocks  of  Norway 

and  Sweden.  14  lo  U& 
 ,  abundance  and  general  character  of.  In  the  Silurian 

strata  of  Russia.  Si 
— — ,  rarity  of  in  Devonian  and  carboniferous  systems, 

ISsL 

 ,  ahsence  of,  in  the  Permian  system,  SIX. 

Troitsk  (Kirghia  steppes),  description  of,  and  account  of  the 

geology  In  the  neighhourliood,  11;' 
Troitsk  i. Bielchei ),  fossil  aauroid  remains  found  near,  1 3A. 
Troitskoi,  ou  the  Moskva,  siliceous  grit  with  fossils  at,  £40. 
Troost,  Dr.,  his  account  of  the  geolajgy  of  Tennessee ,  4*. 


INDEX. 


Trough  (vast)  or  basin  of  upper  Silurian  deposits  in  One), 
I>ko  and  Gothland.  3ii 

Troughs  of  paurozoir  rorka  on  toe  west  flauk  of  llir  Ural  moun- 
tains, 3*6,  43L.  ifii. 

Tryptama.  a  subgenus  of  CyatKoyhythtm,  described,  tll.t. 

Tsher  (Timan),  rarbouiferoui  rocks  on  tins  river.  ILL 

Tuitpora.  analocira  with  and  resemblance  of  this  coral  to  Sy- 
rmfoyora.  5!ri. 

Tufa,  calcareous,  on  carboniferons  strata  at  Putshinn  (Oka),  82. 
Tumcrnua  limestone  ( Permian)  with  Product!,  near  Verkny  and 

Nijny  Troitsk,  LU. 
 seen  between  Svuuk  and  Tclicbokaar  on 

the  Volga,  UQ. 
Tata,  lower  carboniferous  rocks  at,  ZL 

 and  Kaluga,  lower  limestone  of,  28. 

Tan-oa  (L'ntala),  description  of,  altL 

Tura  (North  Ural),  Silurian  rock*  on  the  bank*  of  the,  38U. 
llri. 

JVJiaoiia  Mcina.    See  Caninia. 

Turinsk,  Nijnr,  zavod  of,  paasage  of  the  Ural  by  the  Katchkauar 

to  llua  place  and  Verkholurie,  3HS1  to  3SU. 
Turkey  (see  Boa/),  geological  structure  adverted  to,  fiifL 
Turiistan,  composition  of  the  plain  of,  JUL 
Turyinak,  Dear  Bogoalofak.  copper  mines  of.  3!rH. 
Tiaritrin,  tertiary  age  of  the  steppes  between  this  town  and 

Sarepto,  '-Th. 

Tzilma  river  (Timan),  aection  of  Devonian  rocks  on  the,  ill. 
 traverses  the  carboniferous  limestone,  ILL 

Uodeva ll a  (Sweden),  raised  beaches  of  this  place  compared 

with  those  on  the  Uwina  and  Vaga,  322. 
Ufa  river  (South  Ural),  carboaiferoua  limestone  on  the  bank* 

of.  122. 

— ,  aection  of  Permian  strata  between  this  river  and 

Strrlitamak,  LML 
 .  caU'ureous  grit  (Permian)  with  fossils  on  the  banks 

of.  352. 

Ui,  granite  of  the  steppes,  east  of  the  Ural,  III. 

Ukbta  and  Vitcbegda  (Timan  range),  Permian  limestones  on 

the  rivers,  112. 

 ,  Dommii,  or  npper  Silurian  schists  of,  III, 

Ukraine,  fosaila  found  there  indicate  beds  belonging  to  the 

older  tertiary  period,  £SSL 
Ukaenakava.  on  the  Pinega.  linMstone  with  carboniferous  fossils 

at,  122. 

Uln  Utasae-taa  (Sonth  Ural),  a  hill  of  magnrtir  iron,  ILL 
Undulations  of  the  lower  Silurian  strata  in  Northern  Ru»s'.a,3_L 

 -  of  considerable  extent.  In  the  Devonian  strata  on 

the  right  hank  of  the  Diiita,  iL 
Vngalilrw,  description  of  litis  genus  of  shells,  2C 

 ,  large  size  of,  at  Baltisch  Port,  Esthonia,  28. 

Ungulite  grit  and  bituminous  schist,  its  position  in  the  Russian 
Silurian  series,  25*.  22. 

 ,  thickness  of  the,  H*. 

United  States,  pahxozoic  rocks  of  the,  4i 
Unja  river  (Tambof ),  iron  works  there,  M,  234 

 ,  near  Jclatiua,  ironaand  bods  of,  belong  to 

the  Moscow  millstone  series,  212. 

red  marls  (Kostroma)  (Permian)  appearing  at,  128. 


 ,  black  Jurassic  shales  of  tbe  banks  of  the,  £fiL 

Unskoi  ;  Archangel),  salt  spring  at,  alts. 

Upheavals,  absence  of,  in  Russia,  between  the  Valdai  Hills  and 

the  Dwina.  ££. 

 ,  general  character  of  in  Russia,  .15*.  53.  Hi.  337 

 ,  general  character  of  in  the  Ural  mountains,  1LJ  el 

ate. 

.  nature  of  those  that  elevated  tbe  land  on  the  coast 

of  the  Black  and  Caspian  Seas,  2112. 
Upper  greensand,  relations  of,  in  Russia,  SSSL 
Upaala,'  marine  poat-pliocene  beds  there,  covered  by  gravel  and 

boulder*.  32S 

Ural  mountains,  rivers  springing  in,  ili.  (See  also  p.  337.) 

,  gcueral  view  of  the  struct ure  of,  337,  I'il. 


Ural  mountains  same  order  of  pabeotnie  rocks  a*  in  Russia.  3JL 
dSL 

-,  carboniferous  rocks  on  the  western  flanks  of. 
LUef  *f. 

 — — ,  basin  of  the  Tchussoraya,  in,  Lai, 

■  ,  carboniferous  series  in  tbat  part  of  the  chain 

south  of  the  Bielaya,  LiL 

 .  ancient  continental  aurfare  of,  471.  521.  3.*i.*i. 

,  section  from  the  flanks  of  the  chain  near  Sier- 


Utamak  to  the  Volga,  150. 
 ,  the  copper  sands  and  maris  (Permian)  derived 

from,  UaV 

 ,  probability  that  certain  sandstones  and  linie. 

atones  i  Permian  i  on  the  wratrm  flnnk  of  tuts  chain  re- 
present the  rolbe-lodte-lk-genilr,  ■-'u:i 

,  general  account  of  the,  337  rl  see. 

 ,  previous  knowledge  of  the  chain  before  the 

visit  of  the  authors,  33H 

,  viewed  as  a  great  meridian  chain,  331L 

 ,  general  extent  of  the  chain.  340. 

 ,  age  of  the  rocka  nf,  3ill  to  47». 

■  ,  direction  of  the  rocks  of.  4(i7 

 ,  date  of  the  introduction  of  metalliferous  ores 

into  the  chain,  122  rl  teo.    See  .lurtfrrtna  athttia. 

 ,  no  Scandinavian  boulder*  near.  422. 

,  general  results  of  the  invcatigaiion  of,  5S(i 
,  North,  a  portion  of  the  chain  so  called  by  the 


miners,  342,  iili  el  aey. 

 ,  western  (tank  of,  311  rl  aef. 

 ,  |HSMof  tbe  Katchkanarfrotn  the  western 

to  the  eastern  flank,  .HW>. 

 ,  sedimentary  origin  of  the  rocks  of.  "T1 

— ,  Jurassic  rocks  on  the  casters  flank  of. 


830.  tM. 


— ,  eastern  flank  of  the  most  northern 
part,  called  by  tbe  authors  tbe  Arctic  Ural,  1UL 

 ,  western  flank  of  tbe  Arctic  Ural.  HQ, 

 ,  Jurassic  rocks  between  these  moon. 

tains  and  the  Tinian  range,  417 
 ,  South,  general  geological  structure  of,  34B, 


 ,  bow  distinguished  from  the  north,  Oil. 

,  alia  of,  437. 

 ,  eastern  flanks  of  tlie  chain,  121.  1  li;. 

,  group  of  the  mountains  around  Zlata- 
iut,  from  which  the  South  Ural  mountains  radiate,  1241. 

■         western  flank,  Permian  rucks  of,  I  si. 


Ull. 


toward*  Simsk,  420. 


 ,  general  view  of  the  eastern  flank  uf.XU. 

 ,  Messrs-   llofuiaiin   and  llclmrrsen'* 

work  on  the  South  Ural,  445. 

.  porphyry  and  jaspideoua  schist  of  the 

a\i*  of.  LLL 


,  auriferous  alluvia  of,  4H7  tt  sec. 
>  river,  general  geologvcal  feature*  on  ita  hanks,  441 
,  it*  traverse  from  Orsk  to  Orenburg,  446. 

 ,  chalk  on  the  hanks  of  its  lower  course,  222. 

and  Volga,  lower  steppe  between,  316. 


Uralsk,  on  the  Ural,  white  chalk,  222. 
Ural-tau.  micaceous  schist  and  quartz  rock  forming  this  crest, 
433. 

Urenga  (South  Ural  ),  structure  of  micaceous  and  rbloritic  schist 
at,  4StL> 

Urmanzelair,  a  tributary  of  the  Saktnara.  psaminitlc  grauwacke 

in  the  gorge  of,  152. 
Urtazimak,  on  tbe  Ural  river,  carboniferous  limestone  south  of, 

114, 

Iran  (.inrocAr),  a  living  species,  possibly  one  of  the  large 
mammal*  formerly  ranging  over  Northern  Europe,  5tJ3 

Uaoliee,on  the  Lower  Volga,  tbe  carboniferous  Umeatone  rapped 
there  by  a  titfaceous  conglnmcratc.  B2.  See  Datidoff. 

 ,  bed*  of  the  Permian  system  near  to,  LLL 
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1  spensk  (Donetz),  coal  mine*  worked  at,  107,  IPS. 

 ,  ctal  district  one  of  the  richest  in  Southern  Russia,  118. 

 .  Ctl  IJB  UUS  foul)*  It,  iS&. 

Vssa  liter  ■.tributary  of  ibe  Volga),  section  of  Funlma  lime- 
atone  exhibited  at  the  mould  of.  Mi. 
Ust-Koiva,  on  the  Tchussovaya,  section  of  contorted  carboni- 
ferous rocks  near,  !-'<■ 

,  I  Inonian  and  carboniferous  rocks  aeen  on  t  be  descent 
of  the  Tchuttovnya  to,  nsi  rt  «sy. 

,  transverse  section  of  tbe  lira!  from  thia  place  to  Verk- 
holurio,  2ISSL 

Ust-Kataessk  (Ural),  Devonian  limestones  between  YuryTtscusk 
and,  130. 

Ust-Scrcliriansk,  on  tlit  TcbuatOTnya,  black  dolomite  (Devonian) 
near,  3Ha- 

l.'tt  Simvk,  near  Strrtitamak,  pmbablr  junction  of  tbe  inner 
and  miter  zones  of  carlmnifcrou*  limestones  at.  I ,'H 1 

l."it  SUnlsk  (government  of  Vologda),  identity  of  it*  Osiordian 
bull.-,  Kitb  those  of  otber  distant  parts,  !?.»>■ 

 ,  the  neighbourhood  of,  tbe  limit  of  the  Scandinavian 

block*,  52L 

 ,  direction  of  the  Scamlinavian  drift  to,  522. 

Ust-Urt,  the  isthmus  hrtwern  the  Caspian  and  the  Aral  Seas, 

■hrlly  limestone  of  the  surface  of,  309.  31H. 
 .  support  by  Humboldt  to  be  the  termination  <:f  tin 

Ural  mountains,  314. 

 ,  oceanic  deposit*  in  the,  325.  Gii. 

Ust-Yaga,  on  lite  Dwina,  sequence  of  Permian  strata  near,  1M- 
,  acquence  of  rocks  seen  on  tbe  road  from  thia  place 

to  Uitiug.  1ZIL 

,  post-plincrnr  deposits  at,  22SL 
Ustiug  Veliki,  on  the  Permian  racks  exposed  in  ascending  the 

Dvsina  from  Archangel  to  this  place,  17-'. 
 ,  white  marls  uud  fossilifcrous  limestone*  (Permian)  be- 
tween Vitcgra  and  this  place,  125. 
 ,  sequence  of  rocks  seen  on  tbe  road  from  this  place  to 

Ust-Vaga,  lZtL 
,  tithological  character  of  the  rock*  around,  1 77. 
— — ,  argillaceous  limestones  teen  in  attending  tbe  Suehona 

from  this  place  to  Vologda,  177. 
,  account  of  the  city  of,  177. 
 ,  granitic  bWks  at,' 52!!, 

 ,  blocks  of  granite  and  grcensand  scarce  at,  524. 

Usva  river  (Tchus»ovayal,  coarse  cnnglomcratca  at  tbe  mouth 

of,  liz.  i  sec  ri.'ii.  fig.aj 

1  tva  river  (Orenburg),  chalk  observed  at,  871. 
livelsk  (east  of  the  South  Ural),  granite  near,  ML 
Uziantk  (South  L'ral  i.  zavud  of,  lis. 

Vaoa,  raised  sea-bottoms  found  on  the  hanks  of.  .'<-'S 

Vaigatz  island,  in  the  Northern  Sea,  prolongation  of  tbe  axis 
of  the  Ural  to,  Xia. 

 ,  doubtful  condilhui  of  the  rocks  in,  *H- 

Valdai  Hills,  the  chief  watershed  of  Northern  Russia,  30*. 

— — — ,  chiefly  composed  of  Devonian  rocks,  jjj  1 1. 

— — ,  lower  catbunifrroua  bmcttone  surmounting  the 
Devonian  rocks  of,  46.  1SL 

 .  the  carboniferous  limestone  extend*  from  these 

bills  as  a  centre,  22. 

 ,  their  effect  in  arresting  the  masses  of  drift  trans- 
ported from  the  north,  n  l!t. 

■   ,  submerged  during  the  deposit  of  tlie  northern 

drift.  524. 

Vanuxrm,  Mr.,  his  account  of  the  geology  of  part  of  the  Male 
of  New  York,  1±- 

Vase  of  avant urine  presented  to  Mr.  Murchison  by  the  Empe- 
ror of  Russia,  1.11. 

Vashkina  (Ttman),  upper  Silurian  fussiliferuus  schists  on  the, 
113 

Vutili-Maidan,  near  the  Alatyr,  concretion*  of  impure  argilla- 
ceous limestone  (Juraaaic)  at,  211. 

Yassilknva,  on  the  Lava  between  the  Volkof  and  tbe  Siaaa, 
t'ngulite*  mixed  with  otber  Silurian  fossils  at,  2S. 


Vaaulivrask,  a  pass  in  the  l'ral,  talcose  schist*  near,  3fl0. 

Veduga,  near  Y'oroneje,  section  showing  cretaceous  lerie*  on 
tbe  bank*  of.  871. 

Vegetable  remains,  fossil,  their  Intimate  relation  with  copper 
ore  in  the  Permian  series,  154. 

Vegetation,  influence  of  tbe  blue  clay  of  St.  Petersburg  on.  37. 

.  its  character  in  soil*  upon  tbe  carboniferous  lime- 
stone, ZiL 

 ,  change  of,  in  advancing  from  Archangel  south- 
wards, 17fi. 

 ,  northern  limits  of.    See  Prlrhon,  Map.  PI.  VI. 

 ,  its  ui)ierior  quality  (corn)  on  the  lilark  earth,  542. 

Veins  of  gold  ore  at  Berczovsk  l  Ekaterinburg),  I7li. 
Velienvo,  on  the  Kliasma,  white  carboniferous  limestone  of,  Mi 

 ,  ridge  extending  from  Koarof  to  this  place,  8A- 

Verbluya-gura,  a  spur  of  carboniferous  limestone  from  tbe 

Curmaya  hill*  (South  l'ral),  J.'ilt 
Verch  Uralsk  (east  flank  of  South  Ural),  granitic  rocks  call  of, 

443, 

 ,  tract  between  this  place  and  Or»k,  HI. 

.  section  from  this  place  to  Slerbtamak  (see  PI.  1 V.), 

4M. 

Vercbny  Barantchinsk  (l'ral),  zavod  of,  Ml 
Vercbni-Miask.  gold  workings  near  Miask  so  called, IBS. 
Vcrchni-Moubnsk.  near  Perm,  fossil  fn.hr .  found  at,  JIM, 
Vcrchni  Oiemaia (South  Ural).  Permian  rack,  .it,  l.'ii' 
Vcrkhoturii',  Siberian  forties*  of  tbe  North  l'ral,  sec  view  of, 
aia.m*. 

,  granite,  tertiary  grits,  Ac.  .KIT,  Ml. 
Verkni  Kumlnutchrskaya,  near  tbe  Donctz,  seams  of  coal  at, 
IP* 

 ,  emergence  of  the  carboniferous  from  beneath  the  cre- 
taceous rocks  at,  loll. 

Verkni-Podvolodcttie,  near  Perm,  ascending  section  of  Permian 
rocks  at,  112. 

Verkni-Troitsk,  on  tbe  Kidath.  white  marlstones  (Permian)  be- 
tween this  place  and  Nijni  Troitsk,  152. 
Verkni  I'slon, on  the  Volga,  gypsum  (Permian)  fouisd  at,  1 68. 
Verncuil,  M.  E.  de.  tbe  origin  and  progress  of  Iu*  researches  iu 

Russia  (Preface),  patrim. 
 ,  his  memoir  on  tbe  palaeozoic  fossil*  of  the 

Rhenish  provinces,  li 

.  his  description  of  tbe  palavozoic  fossils  of 

Russia.  (Sec  vol.  ii.) 
 ,  hi*  observations  on  the  tertiary  deposits  of 

Ibe  Crimea.  3HL 
Viaaniki,  on  the  Oka,  extent  of  the  red  marls,  lsn. 
 ,  section  of  varirgaled  marls  and  sands  al,  with  Cylkt. 

rtsur  and  mineral  milk  or  fossil  leather  found  near,  Im. 
Viatka  river,  near  Perm,  grits  (Penman),  liSU. 
Vienitza  (Poland),  miocene  deposit*  near, 
Vim  (Timan),  gypsum  in  t  he  upper  part  of  the,  41j 
Y  milt  n-0  tin  if.  on  the  Vidkof,  to  near  Bor,  Devonian  fossils  of 

i  Lis  tract,  ia. 

Visilki  (South  Ural),  foaailiferou*  Permian  limestone  at,  1  IS 
Vising*  (tributary  of  tbe  Suvola).  Jurassic  rocks  on  the  banks 
of,  Hi 

Vising*  island  (Sweden),  the  sandstone  of,  Silurian,  17*. 
Vistinvo-Shailansk,  near  tbe  crest  of  tbe  North  Ural,  Devonian 

limestone  at,  21SL 

 ,  platinum  found  by  Humboldt  at,  XIX 

Vistula  river,  miocene  tertiary  shelly  sands  in  the  upper  valley 

of,  2S2.2&L 

 ,  arrangement  of  block*  in  the  valley  of,  MB 

Vitchegda  river  (Timan),  upper  Silurian  schist,  of,  113. 
Vitchcgda  and  Ukhta,  Permian  limestone*  on,  112. 
Vitcgra,  section  of  Devonian  strata  near  the  high  road  leading 
to,  42. 

 ,  extension  of  tbe  carboniferous  limestone  to,  23. 

 ,  sequence  of  rocks  at,  74,  Jfi, 

 ,  carboniferous  fossil*  found  at,  7JL 

 ,  while  marl*  and  foaailiferou*  limestones  (Permian)  be- 
tween l  atiug  and,  125. 
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Vitegra,  Arievla  mtiyum  found  at,  2HU. 
— — ,  condition  of  the  drift  near,  ->Hi 

 river,  carlmmferous  limestone  cliffs  on  the  banks  of,  Ia. 

Vitegraaki,  near  Vitegra,  nM  red  sandstone  »cm  at,  lit 
 rivulet,  expausiou  of  the  lower  Devonian  rocks  on 

the  banks  of,  LL 
Vitlanka  rim  (Orenburg),  fossihferous  siliceous  beds  of  tbe 

Juriaaie  period  near,  HI. 
Vladimir,  Fiisulinac  observed  hy  Fischer  in  the  government  of, 

fiZ.  8«  FuitUinm. 

 ,  ammonites  in  iron  mines  of,  21sL 

Viola  (St.  Petersburg),  calcareous  flags  (Silurian),  at,  30*. 

 ,  a  section  of  lower  Silurian  beds  cxhibitcu  at,  .'lit* 

Vogt,  M„  on  Devonian  Ashes  of  tbc  Eifvl,  H, 

Vol  river  (Timan  range),  Silurian  schists  on,  JJLX 

— ,  Devonian  rocks  on,  III     ( See  PI.  V.  fig.  5J 

— ,  carboniferous  linvestone  on,  1 1  ."i . 

Volborth.  M ..  his  memoir  on  A'. -tuno-mm n  n.s. 

Volcanoes  mud,  in  a  line  parallel  with  and  near  the  Caucasus, 

57V 

Volchof  (Siberial.  descent  of  tbe  Isset*  to,  "il'ili     (See  sketch 

of,  Mi  and  section,  PI.  11.  ng.  l_i 
Volga  river,  length  of  its  coarse.  2L, 

 ,  its  importance  in  affording  good  geological  sections,  21*. 

 ,  no  carltonifenni*  rocks  to  the  east  of  it  until  the  lUnks 

of  the  Ural  mountains  arc  reached.  22a 

 ,  lofty  cuffs  funned  of  the  Fusuuna  limestone  on,  gfl, 

 ,  section  through  the  upper  carboniferous  limestone 

exhibited  on  the  banks  of,  sii  to  tt&.  See  /■VsvAikp. 
— — ,  striking  pharnomenon  of  high  right  hank  and  low  left 

hank  of,  4M,  Halt 
 ,  red  (Permian)  maris  seen  in  descending  tins  river  from 

Kostroma  to  Nijny  Nuvgorud,  17H. 
 ,  tufaceous  limestone  (Permian)  between  Sviaak  and 

Tdieboksar  on  the,  LilL 

 ,  Jurassic  basin  of  the  middle  part  of,  23L 

— ,  black  Jurassic  shales  on  the  banks  of,  -'•'-'I 

 ,  bituminous  schists  of,  315. 

 ,  cretaceous  rocks  of  the  lower  part  trf,  223, 

 .  eocene  fossils  at  Antipofka  on  the  banks  of,  277.  2K\. 

 ,  lower  steppe  between  this  river  and  tbc  I'ral  moon. 

tains,  aifi. 

— — ,  ancient  extension  of  the  Caspian  sea  tn  Volsk  and  Srsran 

on  tbe  banks  of,  2H. 

 ,  Jurassic  rocks  in  the  cliffs  of,  near  Sariilof,  -411 

 ,  erratic  blocks  on  the  bank*  of  the,  ii.'P. 

 ,  its  supply  of  water  affected  by  the  destruction  of  the 

forests  in  the  tracts  which  feed  it, 
Volhynia,  height  of  the  western  extremitv  of  tbe  granitic  steppe 

or,  21. 

-,  mioccne  tertiaries  extend  to,  2&L 
Vutkner,  Colonel,  his  friendly  assistance,  U2. 
Volkof.or  Volkhuf  river,  Cngullte  grit  reposing  on  the  blue 
shale  near,  -'  7  * , 
,  section  on  the  hanks  of,  28, 
— — ,  section  on,  exhibiting  the  passage  of  Silurian  into  Devo- 
nian beds,  12L 

 ,  icbtliyolitea  of,  differ  from  those  found  on  tbe  Priksha, 

iL. 

Vologda,  argilbvccous  limestones  (Permian)  seen  in  descending 
the  Suchona  from  this  place  to  Cuing,  JL7JL 
,  vast  sprrad  of  detritus  at,  i  7*. 
Volshaya  (or  Ihilshuyn)  t.ora,  the  height  of  this  pass,  3fj£L 
Volsk,  on  tbe  Volga,  section  exhibiting  chalk  at,  -7  i 
■    and  Sysran,  on  the  Volga,  ancient  extension  of  the  Cos* 
pi  an  to. 

Voltchia  river,  wet. north-west  limit  of  tbc  carboniferous  re- 
gion of  Southern  Russia,  EL 

Voltchia  and  Kalminss,  stratified  crystalline  rocks  of  the,  ILL 

Vornova,  on  the  Oka,  cliffs  at,  containing  bituminous  clay,  sole 
representative  of  coal,  78. 

Vorona,  Devonian  rocks  at  its  junction  with  the  Don,  60. 


Voroneje,  near  the  Don,  Devonian  strata  of  this  tract  best  seen 

on  the  hanks  of  tbe  Devitza  rivulet,  BO. 
— — ,  Devonian  limestones  of,  extremely  foasiliferout,  flL 

 -,  absence  of  Jurassic  strata  in  tbe  government  of,  ill. 

,  cretaceous  deposits  near,  £71- 

I  northern  erratic  blocks  extend  to,  US. 

 ,  northern  detritus  nu  the  Don  near,  .V-'.'i 

Votkresensk  (South  Ural),  Permian  cupriferous  conglomerates 
of,  WL 

YVaiwaua,  in  Esthonia,  thickness  of  tbe  'pleta*  limestone  in 

the  vicinity  uf,  .'Cf. 
 .  angular  blocks  on  the  cliffs  between  this  place  and 

Jcive,  61L 

Wales  reference  to  the  SDurian  and  crystalline  rocks  of,  2  el 

Walachia  and  Moldavia,  humus  of,  hOL 

Wangrnheim,  von  Ifualcn,  Major,  his  geological  sketch  of  the 

Permian  rocks  in  the  district  round  Dictcbci,  LLL 

— —  ,  his  kind  assistance,  141.  Li— ; 

his  sketch  of  the  succession  near  Sterlitamui.  4iil. 
Warsaw,  sandstones  of  tbe  same  age  as  those  of  Brora  and 

the  cast  uf  Yorkshire,  ALL 
 ,  collections  of  cretaceous  fossils  in  the  Royal  Museum 

of,  202. 

Water  containing  sulphuretted  bvdrogen  in  the  batiks  of  Sor- 
giefsk.  liL 

 its  agency  in  producing  the  drift  in  Northern  Europe, 

 ,  ordinary  force  of,  not  sufficient  to  account  for  the  drift 

of  Scandinavia,  al2. 
Water-courses,  their  importance  in  working  out  the  geology  of 

Russia.  ±L 
Watershed,  lines  of,  in  Russia,  20*. 

Waves  of  translation,  their  efficiency  as  transporting  agents, 
Ssia.  553- 

— —  ,  their  agency  necessary  to  explain  the 

drift  pharnomena  of  Sweden,  iii. 
 ■  probably  tbe  chief  moving  power  in 

transporting  drift,  ii-'iti 
Wcalden  beds,  alneiice  of,  in  Russia,  2W. 
Wcnlock  limestone  represented  in  Sweden  by  the  Gothland 

limestone,  IK* 

 .its  equivalent  i-i  the  Russian  We  of  0..,<J. 

me. 

Wettern  Lake,  Sweden,  sections  near.  17*. 

Whetstone  gnla  of  the  carboniferous  period  found  on  the  I'et- 

chora  river,  llLL 
Whitc  limestone  (carboniferous)  of  Archangel,  JJ  to  TSL 

 of  Moscow,  account  of,  BU. 

 alternating  with  magneaian 

lands  at  Moscow,  il_ 
 and  gypsum  t  Permian)  of  Shuran  (Kama), 

ln-J. 

White  sea,  M.  Bohtlingk's  journey  to,  221. 

,  the  old  red  sandstone  ranges  up  to  the  edges  of  the 
mctamnrphir  rocks  of,  18. 

 ,  Oxfordian  beds  on  the  shores  of  the,  23SL 

 ,  blocks  on  list  shores  of  the,  ili. 

Wicticxka,  tertiary  salt  deposits  of,  29U. 

Williams,  Lady  Sarah,  Indian  fossils  collected  by  her,  iifl. 

Wissenbach  schists,  resemblance  of,  to  the  IhmmU  schists  on 
the  Ukhta,  ILL  (See  correction,  p.  643.1 

Wisaenstein  (Esthnnia),  Peulamerua  band  at,  ill*. 

Wood,  fossil,  its  association  with  copper  ore,  lis. 

Worth,  M.,  his  exertions  in  obtaining  fossils  from  the  rod  De- 
vonian maristoBC  near  Petersburg,  XL 

W range!.  Admiral  von,  his  voyage  referred  to,  IL'M. 

Wyon.  Mr.  I^nnard,  his  medal  of  the  Emperor.  (See  Dedica- 
tion and  Preface,  xiv.) 

Yakima  (west  Hank  of  Ural),  Devonian  rocks  sees  at,  434L 
Yakutsk,  permanently  frozen  soil  at,  L*L 
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Yallim  or  Yellim  (west  Hank  of  Ural),  carboniferous  sandstones 

between  Altcbiiska  aid,  ISS, ; !■">!. 
Yampol  (Poland),  mioeene  deposits  near,  2M. 
YangeUkaya  (east  dank  of  South  Ural),  porphyry  at,  AiA. 
Yaroslavl  (city  of),  red  Permian  marls  hidden  under  detritus  at, 

LHL 

YasikolT,  M.  (See  Ja»ikoff,  hu  memoir  on  new  red  sandstone, 

Ac-, 

Ycgralngu  river  (Arctic  Ural),  alluvial  plain  of.  1"7. 
Yelatma,  or  Jelaima,  carboniferous  litnettone  succeeded  by  Ju. 

raaaic  rock*  near,  &L 

 ,  erratic  block*  extend  to,  SIB. 

Yeinangnlova  (weat  flank  of  South  Ural),  Permian  fotsiliferous 

limestone  of,  I4H- 
Yenisei  and  Lena  rirers,  drift  conveyed  liy,  IBS. 
Yeskino  river  (Donetz),  coal  at,  9C 

Yugnshansk  zavod,  east  of  Kaian,  tine  Permian  fossil  plants  at, 

MO. 

Yurasaraskoi,  near  Kuhtymsk  in  the  Ural,  fibrous  iioo  ore  found 
at,  426, 

Y'uryuscnsk,  near  Zlataust,  Silurian  rocks  at,  iSSL 

 ,  Devonian  limestones  between  this  place  and  I  'st- 

KaUcvsk,  am 

ZArtART  (lower  ridge  of  the  Tatra  m«mntain»),  appearance  of 
Carpathian  sandstone  with  Jurassir  fossils  at,  explained, 

Zairasluiya,  on  the  lasetz,  carboniferous  fossils  at.  3&ZL 
ZaraUk,  near  live  Oka,  Jurassic  fossils  found  at,  £LL 
Zarevo-Alexandrohk ,  tavod  of,  4rt;t 
Zastrova,  on  tbe  Dwina,  red -coloured  beds  at,  IVL 


Zavods  or  mining  estahlishmenla— of  Alexandrnfik,  iiiU.  Awi. 
an»k,i£H;  Ikre/ov.k.  IZii;  Bielorieti.  iii;  HiMrrak,  £4! ; 
Bogoslofak.  ■*'!'■"» ;  Chrestovodsvbgentk,  321;  Kuiornsk, 
3ft5:  haalinsk,  424j  Kinovsk.  3S3;  Kialitymsk.  aia; 
Kushvintk,  37H:  Knssinsk,  432  :  Lissitcbia-balka,  I'.m  : 
l.uran,  IU>:  Miask  and  Zlataust,  Jill  s  Ncviansk,  afiH  ; 
Nijny  Senrinsk.  354:  Nijnv  Tajilsk.  JfiJl;  Nijnv  Turinsk, 
321;  Preobrajensk.aii;  Salkinak,  1211:  Serchriansk .  lihl ; 
Simsk.  iill ;  Soioianofsk,  1M ;  Turvinsk.  22$ ;  Uspensk, 
107;  f  r.ianak.  45* ;  Yugoshanak,  1AU ;  Yurvusensk,  42!1 ; 
Zarevo.Alesandrofsk.iaa-.  Zlatoust,  42L 

Zerlutein,  equivalents  of,  in  the  Permian  rocks  of  Ruasia,  1311. 

i  in. 

Zeuschner,  Prof.,  his  works  on  the  Jurassic  and  cretaceous  rocks 

of  Puland,  233,  26a. 

.  his  opinion  with  regard  to  the  Jurassic  age 

of  the  Carpathian  sandstone.  2&L, 
 ,  his  assistance  to  the  authors  in  examining  the 

Carpathians  and  the  tertiary  deposits  of  the  Vistula.  •■'>>), 

■JSUL   (See  account  of  Map,  657.) 
Zigalga,  a  mountain  of  quartz  rock  between  Zlataust  and  Simsk, 

122. 

Zinovlef,  M.,  Ida  travels  with  the  author*,  I*."-. 
Zlataust,  the  centre  of  an  important  mining  district,  UlL 

 ,  structure  of  the  mountains  around,  iiJL  (See  PI.  III. 

fig.  I.) 

— — ,  steel  manufactures  of,  122. 
— — ,  invod  of,  4^7 

Zwickau  (Saxony),  flora  of  the  rotht-todtc-liegende  at,  122.  (See 
Gutbier.) 


ERRATUM. 

Page  19*,  and  lndrs,  page  *7B,  fur  Humbmt  rrmi  Hobunjt. 


TUB  END. 
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